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THE  DE-TARRING  OF  GAS  BY  ELECTRICAL 
PRECIPITATION. 


Tilt'  work  ilcHcrilicil  heroin  wim  done  at  VMrimis  tinioM  dliriiif;  the 
lust  finir  years,  in  ititervals  of  university  ilutieH.  Itii  ncojte  won  limited 
tiy  finnncial  nnd  other  exigencies. 

In  the  Xortliwest,  where  work  whs  Imvuii,  there  exint  only  ii  few 
mnall  dii4tillntion  {ilant!*.  The  meatrre  fiu>ilitie8  afforded  by  thcsA 
plants  rendered  on  exhnusitive  invc«tiKution  iiupraotiunblc.  Fortunately, 
however,  with  the  financial  and  toehnieal  aHxiHtunec  •)(  the  ITonorary 
Advisory  Coiinoil  for.  Scientific  ind  Industrial  Research,  it  became 
possible  last  winter  to  continue  and  complete  thfl  work  at  the  by-pro- 
duct coke-oven  plant  of  the  Aliroma  Steel  Corporation  at  Sault  8te. 
Mnric  t.  In  thus  roundinft  .  at  the  series  of  experiments  the  pro- 
brought  to  a  stage  where  the  attention  of  those  interested  in 
..c  matter  industrially  could  be  at  once  engaged. 

This  paper,  issued  under  the  auspices  of  the  Honorary  Advisory 
Cuuncil,  constitutes  the  first  published  report  of  any  portion  of  the 
investigation. 

THEORY    OF   ELECTBICAU   PRECIPITATION. 

Elcct-ical  precipitation  is  the  process  of  removing  suspended  parti- 
cles of  smoke,  or  fume,  or  "  fog"  from  a  gas,  by  electrifying  the  particles 
static.  nnd  then  separating  them  from  the  gas  by  attraction  to  a 
surface  charged  with  an  opposite  potential. 

As  is  well  known,  a  charge  of  electricit."  *  '  greater  intensity  at  the 
edges  or  at  extruding  points  of  a  conduct  nan  on  the  smooth  sur- 
faous.  As  the  potential  rises  through  repctttcd  charges  of  electricity, 
a  point  is  reached  where  there  occurs  a  discharge  into  the  gas.  This 
takes  place  from  the  edges  or  points  above  mentioned,  rather  than  from 
the  smoother  surfaces.  The  discharging  surface  is  covered  with  a 
velvety  glow  when  negative  electricity  is  being  discharged;  whilst  the 
discbarge  of  positive  electricity  manifestts  itself  as  a  brush  reaching  out 
from  the  surface.  Particles  of  the  substance  su  tended  are  electrified 
by  this  discharge,  the  gas  itself  not  becoming  chuiged. 

Electrical  precipitation  installations  consist  of  one  or  two  pa'rs  of 
electrodes,  between  which  the  gas,  with  its  suspended  part.eles,  is  made 
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to  mui«.  The  .mailer,  or  A\*chargv  elootrod....  may  -r  nm.v  n-l  l.uv* 
.h.rp  poinU  or  c6ge»  to  f-cilitate  the  ai^-hHrgc.  Tl..-  l-ir^rr.  or 
oollectinK.  electrode  i.  a  flattened  .urfa.-..  from  which  there  .1  a.  .mall 
an  electrical  diaclmrge  as  powible. 

The  inatallation..  or  treater..  that  have  been  develo|KHl  ,...mm.-r.-iuU> 
ar«  of  two  principal  tym.  the  pi,«  treaU-r  and  the  plate  troot-.r.  the 
general  action  of  lK.ih  type*  bcinu  .imilar. 

In  operation,  insulated  wire*  are  .u.p.uded  down  the  ..ntr.,  of  th. 
pipe,  in  the  pi,H>  treater  and  between  the  plate*  in  the  plate  troater. 
The  ga.  to  be  treated  i«  «>  di^tributtKl  to  the  pipe*  or  plate.  »«  to  ensure 
the  removal  of  all  .u.pcnded  matter  during  it.  pa.«a^  through  each 
unit  For  reaaon.  that  are  more  or  Ic  "W-ure.  and  which  uee.l  not  b. 
diac  ^  hen.,  tlie  di«,luir«o  ele<nrode«  are  in  pra-ti.-o  ""'""''  "•^«"; 
lively  to  a  pot«,ntial  which  \»  maintaino.1  ut  «  ,K>.nt  jn.t  Wow  .1  .t  U 
'hich  .parlST  would  Pu..  from  the  wire  to  the  plate  The  .ue  ,,f  tho 
pipe  or  the  di.tancc  between  the  plate,  w.ll  thu.  'i«'Pf"«»  '"^  ^^' 
poTential  that  may  be  conveniently  maintained  u,K,n  tho  d..char..n, 

"'The  most  common  diameter  of  pipe,  or  distance  betwe^.u  plate.  U 
about  12  inche..  The  potential  that  must  be  maintained  for  .uoli  d  »• 
a^cl  varies  with  the  chemical  comp,..ition  of  the  .as  and  with  the 
r^rature.  from,  say  50.000  to  100.000  volt.  When  the  troater  - 
ZZng  properly  the  current  consumption  consist,  of  the  silent  or  « b. 
Tslh  r'e  fr- the  discharging  electrode  (which  is  the  only  power  t  t 
t  u^fulb  employed)  together  with  the  charging  currents  of  t... 
electrical  ..machinery  and  tho  leakaR.  over  the  insulators. 

1  the  gas  passe,  through  the  pipe,  or  between  the  plates  suM«.nde.l 
nirtir either  liquid  or  solid,  are  elctrified  by  the  discharge  fron. 
th  wir«  m  niatively  olectritied  particles  are  then  repoUod  from 
the  nZtive^o  T.d  attracted  to  the  ..rfaoe  of  the  plate  or  p.,>e  that 

is  charged  positively.  . 

n.ay   be   montionod   hero   that    the  diHchar.e      -.n.    .ho   w>ro   . 
.  Lau  od  by  an  electrical  windage  which  a..i.ts  to  some  extent    ., 
:::r;sXended  particle,  towards  th..  cMl..tin  tt, 

J  A    matter   .'onsist-*   of    P«rti-lo*   of    solid    ma^.r.;.!.    .>    will    be 

:;;::S?:      dhoring  du..  and  may  be  shaUon  off  ij.e  pipe  or  plate 

V  ti^^ng.     If  the  su,pon.l..d  material  i.  iu  the  form  of  hnu.d  particle^ 

„■;  LTor  mist,  it  will,  of  .ours...  run  d,.su  tho  pipe  or  plato  and  out  „t 

the  bottom  of  the  troater. 


'   UUVKMlI'MKNT  «*    tin  Till'  M.   rRrnpiT\TI"\. 

For  »i»'iirl.v  II  .iiitur.v  ili<'  |iriii<ii>Ui»  iiivolvrd  ii.  tli.  i-Utlricnl  |tr«H'i. 
|>itntinii  >f  Hiiily  iliviil.d  li<|ui.U  iiinl  ""liiU  tr,,m  kh*  Imvf  Um  known 
to  *i'M'iic'f.  Tim  ^iii'iix.ful  ■•oimnt'rcial  ii|i|)lii-ii  ion  of  tliixi-  prim-iplr. 
Im*  ilf|H'inli-<l  n|>oii  the  ihviloimu'iit  oi'  nio<ltrn  iliftri.-iil  iim«'hiii.r,v. 

AtU'nii>t^  wiri)  iiiiidi'  to  il.vtiop  a  lotinmrciul  prow*  in  tin- 
••(■i«htifs";  liut  in  tliiN.-  dii.vs  tin-  friction,  or  stiitii',  inm-liini'  wii-"  tl»' 
only  UM-HUs  of  (ililHiiiiiiK  ptitentiaU  hiffh  »'iiou»fli  to  (five  nlw-tricttl  <li-- 
oharKf*  from  i)-'int>»  ir  small  «urfin«it.  'I'liti  !<n.'.'(-<  of  thi-  prociwn  in 
recent  yearn  lm»  Ufii  mmio  |M)s«il  !.■  I.y  the  .levdopm.nt  of  thu  modi-rn 
high  pt)tentinl  triiii-iformer,  and  by  the  invention  of  a  rcctiHer  to  ohanKf 
the  altprnutinj;  turrent  from  tin-  triin»form«r  int<>  <hrcft  ourrcnt.  «o 
that  tho  disi'linrtfo  from  tin-  wiren  miuht  Im'  kept  4'itlifr  |M.*itive  .ir 
neffBtive  a*  dmirrd. 

Tho  invention  of  tho  roetitier  and  th«  devol  y  -nt  of  th«  vnriout 
othe/  featuriw  of  tlie  procerus  an;  to  be  credited  t<i  Dr.  b'.  <1.  Cottrell. 
and  to  numerous  later  invest itfatorii.  In  reoojfnition  of  I>r.  Cottrell'M 
;.  tunl  rediution  of  the  theory  of  ele<-tri.'»l  prcvipitntion  to  ooninwn-ial 
practice,  the  method  is  eomnioiil.v  called  the  Cottrell  I'rocess". 

The  proc,  <s  was  Hntt  ufod  in  tho  separition  of  sulphuric  acid  mist 
from  tho  vapours  evolved  from  tho  j)artiiiK  kettles.in  tho  metal  rofinory 
of  tho  Selby  smelttr  on  San  Francisco  bay.  Kfforts  were  then  dircctwl 
toward  coUootinB  tho  valuable  rtne-<lu»t  from  tho  gase-  pacsing  into  the 
smelter  stacks;  but  tho  earlier  installations  for  this  purpose,  namely, 
those  at  the  Selby  and  Halakla'a  smelters  in  (,'aiifornia,  were  not  wholly 
successful.  Mo*t  of  tho  later  installations  handlinK  smelter  gases, 
however,  have  prove  1  exeec<linttly  efficient. 

The  process  was  first  snc<^ossfully  employf-d  on  a  large  scale  in  th 
collection  of  dust  carried  in  the  gases  from  tho  kilns  of  the  Riverside 
Portland  Cement  Company.  Here  for  the  last  eight  years  ilicio  has 
been  collected  nt.t  loss  than  !>5  per  cent  of  the  dust  carried  ii.  . ,  )roxi- 
mately  a  million  cubic  feet  of  gas  per  minute.  For  a  considerable  time 
the  dust  thus  collected  amounted  to  the  enormous  total  of  about  one 
hundred  tons  daily.  Later  improvements  in  handling  the  kilns  has 
materially  reduced  this  amount. 

It  shoula  be  mentioned  in  iwssing  that  it  was  soon  discovered  that 
a  substantial  proportion  of  potash-lvaring  material  in  the  raw  mix  was 
volatilized   in   the  kilns   and  colle<ted   as   a   part   of   the   dust   in   the 
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troators.  This  has  meant  the  dovelopmont  of  an  unexpo-tod  source  of 
potash  in  America.  Many  cement  companies  are  now  installinR  the 
process,  not  as  a  means  of  eliminating  the  d^^st  nuisance,  but  to  effect 
the  recovery  of  the  potash  content  of  the  dust. 

Of  the  many  hundreils  of  eh«ctrical  precipitation  treaters  installed 
ill  many  different  kinds  of  industrial  plants,  practically  all  are  operated 
at  the  end  of  the  manufacturing  process,  where  gases  generated  in  the 
plant  were  being  allowed  to  escape  and  carry  with  them  swlid  or  liquid 
particles  in  suspension.  In  many  cases  the  real  .^ject  has  been  to 
avoid  litigation  by  removing  the  sm.-ke  nuisance;  though  in  practically 
every  instance  it  has  been  found  that  the  collected  material  is  valuable 
enough  to  warrant  the  installation  as  «  commercial  proposition  in 
itself. 

During  the  last  three  or  four  years  developments  have  been  in  the 
direction  of  including  electrical  precipitation  as  an  integral  part  of 
various  manufacturing  processes,  and  not  as  a  supplementary  addition. 
The  collection  of  cement  kiln  dust  is  being  modified  to  meet  the  market 
demand  for  a  material  containing  as  great  a  proportion  as  possible  of 
solubb  potash.  It  would  appear  that  processes  of  manufacturing  such 
products  may  become  a  separate  inaustry;  whereas  now  they  may  be 
said  to  be  incidental  to  the  production  of  cement. 

A  great  deal  of  successful  experimental  work  has  been  doue  in  the 
smelting  of  metallic  ores  hj  volatilizing  the  metallic  contents  and 
collecting  by  means  of  electrical  precipitation.  This  method  has  been 
brought  to  a  point  where  it  is  being  undertaken  commercially. 

Three  great  industries,  the  cement,  the  sulphuric  acid,  and  the 
smelting  industries  ^^ive  evidence  of  the  waxing  importance  of  electrical 
precipitation.  The  investigations  described  in  this  bulletin  were  under- 
taken with  the  belief  that  this  method  of  precipitation  may  well  become 
the  central  feature  of  new  collection  pro<'esses  in  a  fourth  great  industry 
—the  by-product  industry  connected  with  the  destructive  distillation 
of  coal  and  wood. 

TKCIIXICAI,    ELEMKNT.S   OV   BV-I'HOIIHT   I  ctl.LECTION. 

When  substances  such  as  coal,  wood,  and  petroleum  are  destructively 
distilled,  each  particle  or  molecule  is  broken  up  into  two  or  more  mole- 
cules. As  the  temperature  is  raised  these  may  in  turn  be  broken  into 
still  smaller  molecules,  until  the  original  substance  is  resoived  into  its 
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ultimute  eleineiita,  wliich  are  preJoniinuntly  hydrogen  and  cnrbon,  with 
relatively  small  proportion-i  of  oxy^n  an.l  still  li>s3  of  nitroRen  and 
other  elements.  At  any  stage  of  distillation  the  whole  range  of  possible 
products,  may  be  in  process  of  formation,  although  the  products  being 
formed  at  any  time  in  greatest  proportion  depend  upon  the  average 
temperature  at  that  time. 

The  efifoct  of  primary  distillation  may  be  such  that  some  or  all  of 
the  products  are  carried  to  places  where  the  temperature  is  higher  than 
it  was  at  the  point  of  decomposition.  In  this  case  certain  of  the  pro- 
ducts may  be  broken  up  two  or  even  more  times  before  finally  leaving 
the  retort. 

For  example,  products  of  distillation  from  the  interior  of  a  piece  of 
(•oal  have  to  pass  through  outer  layers  of  coal  where  the  temperature 
is  higher  than  nt  the  point  of  decomposition.  Or,  again,  the  volatile 
products  may  pass  tlirough  a  region  of  higher  temperature  in  the 
retort  alwve  the  charge.  The  products  of  any  stage  of  distillation, 
therefore,  will  consist  of  numerous  chemical  combinations  resulting 
from  various  primary  and  secondary  distillations  that  have  taken  place, 
at  widely  differing  temperatures,  at  different  iwints  in  tlie  retort 
.simultaneously. 

It  is  almost  invariaWy  found  that  one  or  more  of  the  products  of 
destructive  distillation  are  of  such  a  composition  as  to  remain  in  a 
gaseous  condition  at  ordinary  temperatures.  These  are  usually  spoken 
of  as  gases,  or  permanent  gases;  although  some  of  them  may  be  con- 
densable to  liquid  at  temperatures  only  slightly  lower  than  those  to 
which  they  are  subjected  in  practice. 

The  stream  of  gas  coming  ordinarily  from  the  retort  is  partly  con;- 
posed  of  compounds  that  are  later  to  be  condensed  to  liquids.  In  all 
eases,  also,  a  solid  residuum,  the  nature  of  which  depends  upon  the 
temperature  attained  in  the  retort,  remains  behind.  If  the  tempera- 
ture is  high  enough,  the  residuum  will  be  of  carbon  and  ash,  the  tem- 
ix^rature  required  to  obtain  liis  result  depending  upon  the  nature  of 
the  substance  being  distilled.  The  problems  to  be  dealt  with  are  those 
involved  in  the  collection  and  further  treatment  of  the  matter  carried 
from  the  retort  in  tlie  stream  of  gas. 

In  every  part  of  the  retort  the  mechanical  action  is  such  that  the 
emerging  stream  of  gas  carries  from  it  suspended  particles  ol  liquids 
in  the  form  of  fog.  or  of  solids  in  the  form  of  smoke.  As  the  vapours 
are  cooled  certain  ga.-^e*  condense  to  liquids,  either  from  contact  with  a 


cold  surface,  or  in  the  body  of  the  gas  itself.  In  the  latter  case,  either 
new  fog  particles  will  he  forniod,  or  they  will  W  absorbed  'in  solution 
in  foff  particles  already  present. 

It  should  be  particularly  noted  here  that,  for  the  purposes  of  this 
paper,  a  substance  is  spoken  of  as  a  "  vapour  "  when  it  is  incorporated 
invisibly  in  the  gaseous  products,  hut  is  condensable  to  a  liquid  condi- 
tion at  lower  temperatures  used  in  the  industry.  The  term  is  not 
applied  to  fog  particles.  The  word  "  gas "  is  so  defined  as  to  include 
those  substances  that  remain  in  the  gaseous  condition  at  all  terapora- 
tures  used  in  the  industry.  "  Condensation  "  is  defined  as  connoting 
all  transitions  from  vapour  to  liquid,  whether  the  liquid  forms  directly 
on  a  cooling  snrface  or  in  the  body  of  the  gas  as  fog. 

The  products  of  destructive  distillatiou  may  be  separated  for  the 
sake  of  convenience  into  two  subdivisions— to  wit,  that  which  remains 
as  gas  at  the  close  of  the  operation  and  the  part  that  ha^  been  con- 
densed and  collected  as  liquid.  The  condensable  constituents  ordin- 
arily divide  themselves  more  or  less  perfectly  by  settlinj,'  into  two 
distinct  portions  or  fractions  one  of  tar  or  oil,  and  the  other  of  an 
aqueous  appearanc\ 

Destructive  distillation  t^kes  place  practically  always  at  tempera- 
tures above  the  boiling  point  of  water.  Hence  the  smoke,  or  fo>r,  which 
is  carried  in  the  vapour  stream  from  the  retort,  consists  of  particles  of 
carbon  or  of  tar  fog  which  do  not  volatilize  at  the  temperature  of  the 
.vapour  stream.  As  cooling  takes  place,  further  portions  of  the  same 
tarry  substances  ecnden^c,  as  may  also  some  of  the  lighter  tarry  or 
oily  constituents  which  are  wholly  in  the  form  of  vapour  at  higher 
temperatures  These  lighter  tarry  and  oily  compounds  do  not  form 
new  fog  partveles  to  any  appreciable  extent;  they  are  simply  abs'irbe<l 
into  the  fog  particles  of  heavier  tar  alrer.dy  carried  in  suspension  in 
the  rapour  stream. 

As  the  temperature  oi  the  gas  droi>?  to  a  certain  point,  water  vaiKiur 
begins  to  condense,  tho  temperature  ci  condensation  depending  upon 
the  relative  amount  of  water  vapour  present  in  the  gas.  The  coii- 
donsing  water  carries  with  it  in  solution  certair  of  the  distillation 
products  that  are  soluble  in  water  and  not  soluble  in  tav  or  oil.  The 
jnost  important  products  thus  olbt:\ined  in  solution  in  the  condfused 
,water  are  ammonia  trom  coal  distillation,  and  acetic  acid  and  wood 
alcohol  from  wood. 
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A-f  I'ar  as  tlie  writer  lia.'*  l»-i-ii  mIpIc  t..  (Irtciiinin-.  It  i>  very  ilotilitful 
if  any  ai>i>rcciiil)lc  umoiiiit  of  watci'  f.iu  i-  cvir  fonnf.l  in  tli.-  cxtfrnally 
coolfd  c«pnclcnse):s  ii-ed  in  vlio  di-tilhitiun  of  coal  or  wood  or  oil,  altliouirli 
it  may  be  forinexl  quite  freely  if  the  eooliiii;  of  the  ira*  is  etiferted  Uy  a 
.spray  of  ivator  injected  into  the  jras.  As  tlie  pis  i:,  lowered  in  tcni- 
l)eratiire  hy  coniai't  with  a  cooler  svirface,  condi'nsation  of  water  vapour 
i<  etT(>.-ted.  It  is  a  property  of  water  that  it  will  adhert;  inmiediatHv 
to  that  surface.  If  Wiiti*r  fo'j  is  formed,  it  readliy  collects  a(»ain>t  even 
iui  iiily  or  a  tarry  surface.  Thus  one  may  collect  water  from  sas 
lia-<infi  through  a  con(h'nser  with  (•■H.Ied  \vall>,  even  thoujih  tlie  (ras 
il~i'f  enierjfcs  frcm  tlie  coudenMr  at  a  temperature  nmch  hi^'her  than 
that  at  which  water  fofr  is  f(jrmed. 

On  the  other  hand,  tar  fo^r  ixjsso-^ses  u  nniiiue  physical  property 
that  lia.<  determined  the  whole  course  of  the  by-product  industry.  It 
is  extr.inely  difficult,  if  not  impossible,  to  collect  tar  fog  from  a  jras  hy 
drivinsr  it  afraiiist  hatflin^r  .-urfaces  when  the  temjH-rature  i-  liinh.  It  is 
true  that  a  part  of  the  foL'  can  he  collected  hy  drivinj:  it  violently 
airainst  a  solid  wall,  usin-r  for  this  purpose  a  rapidly  revolvimr  <vntri- 
fuRal  blower;  but  the  removal  is  far  from  complete. 

W  hen,  however,  the  pis  is  cooled  to  temi»eratures  well  under 
,">()  C.  (122°F.),  the  tar  fog  readily  adheres  to  the  surface  of  contact; 
but  even  at  this  low  temi>erature  there  are  oceasioniilly  very  ?niall  pro- 
l)ortioiis  of  the  iog  that  remain  persistently  in  the  gas.  This  residual 
tar  may  go  through  the  purifyin?  processes  of  a  city  gas  plant,  and 
even  through  a  benzol  recovery  apparatus,  and  finally  fall  in  the 
holders  or  distributim,'  nniins.  So  difficult  of  removal  is  it,  that  it  may 
be  driven  through  a  closely  woven  niter  paper  without  caiisinsr  any 
api)reeiable  discolouration. 

The  cooling  of  the  ^as  is  not  only  a  very  e.Kpensive,  proceeding, 
espccii)lly  -where  it  is  not  practicable  to  obtain  water  at  a  temperature 
nmch  below  that  to  which  the  gas  must  be  brought,  but  it  also  involves 
a  much  more  uudosirable  feature.  In  all  coal  and  wood  distillation,  as 
jit  pre-ent  carried  on,  water  vapour  condenses  to  some  extent  at  least. 
Hence  .n  collecting  the  tar  it  i~.also  necessary  to  condense  and  ccdlect 
a  water  fraction. 

The  ideal  of  those  eneaged  in  the  distillation  of  coal  and  wood  has 
always  b<,en  to  devise  some  means  whereby  the  g-as  could  be  cleaned  of 
tar  log  at  any  and  all  temix-ratures  above  the  condensation  point  of 
water  vaiwur.     This  would  make  it  iiossible  to  collect  the  tar  fraction- 


ally  and  free  of  wntcr.  Further,  there  mipht  he  a  direct  collection  of 
ammonia  in  the  form  of  ammonium  sulphate,  and  of  acetic  acid  as 
iicptnte  of  lime,  without  any  previous  condensation  and  rc-distillation 
of  water,  llio  work  described  in  the  followinj?  pages  was  undertaken 
in  the  hope  of  demonstrating  the  possibility  of  achieving  this  ideal. 

All  the  ejcperiments  conducte*!  by  the  writer  were  conducted  on  what 
corresponds  to  a  commercial  scale.  The  process  of  electrical  prcoipiti.- 
tion  was  t#ied  on  so  many  distillation  jrases,  at  such  great  extremes  dI' 
temperature,  and  with  such  marked  succesi",  that  it  may  be  contidently 
a.'^serted  that  an  ideal  method  of  collecting  by-products  is  now  available. 

Electrical  precipitation  has  been  used  with  success  in  various  places 
for  the  purpose  of  collecting  residual  tar  fog  after  the  gases  have  been 
through  the  ordinary  condensing  and  scrubbing  systems.  So  far  as  the 
writer  is  aware,  however,  the  work  here  outlined  constitutes  the  only 
successful  attempts  to  demonstrate  the  efficiency  of  the  process  in 
collecting  all  of  the  tar  at  high  temperatures. 

EXl'ERLMEST.M.    WORK    I.N     ELECTRILAI.    PRECIPIT.^TION    OF    TAR. 

Tar  fog  is  known  to  be  very  easily  prec  ritated.  Also  it  always 
collects  on  the  treater  pipe  in  liquid  form,  and  runs  out  without  .sticking 
to  the  pipe  or  clogging  it  in  any  way;  although  if  collected  at  a  high 
temperature  it  may  harden  or  become  viscid  after  cooling.  The  power 
consumption  is  exceedingly  small  in  all  cases  that  have  been  investi- 
gated by  the  writer  or  that  have  come  to  his  attention. 

The  installations  for  collecting  tar  will  always  he  very  small  in 
comparison  with  those  nwded,  for  example,  in  cleaning  smelter  or 
cement  kiln  gases.  In  the  distillation  of  coal  approximately  10,000 
cubic  feet  of  gas  per  ton  is  evolved.  Hence,  even  a  large  distillation 
plant  does  not  produce  more  than  a  very  few  million  cubic  feet  of  gas 
per  day;  whereas  an  ordinary  smelter  or  cement-plant  stack  will  carry 
off  hundreds  of  thousands  of  cubic  feet  of  gas  per  minute.  A  single 
treater  pipe  is  rxpected  to  de-tar  completely  a  million  cubic  feet  of  gas 
per  day.  Thus  a  very  *ew  pipes  are  sufficient  for  an  ordinary  installa- 
tion; whereas  in  one  smelter  in  the  Northwest  the  installation  consists 
of  about  fifteen  hundred  pii)es.  The  engineering  problems  involved  in 
tar  collection  are,  therefore,  inconsiderable,  the  one  imperative  condi 
tion  being  that  the  plant  .should  be  gas  tight. 

An  outstanding  difficulty,  however,   was  encountered,   at  the  very 
beginning  of  the  work.     Keference  to  ligs.  T.  II,  and  HI  shows  that  the 
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insulators  A  and  B  miiy  Im'coiiio  pnvercd  with  n  Inycr  of  tnr.  This  mny 
destroy  the  insulation  compli-tfly,  or  it  may  cause  the  leakage  of  so 
juuch  eleetrii'ity  from  the  wire  over  the  insulator  to  the  pipe  (instead 
of  throujrh  the  (fas)  that  a  short-circuit  will  be  produced.  Or  the 
leakage  may  be  90  great  as  to  cause  a  serious  loss  of  power.  Such  a 
loss  may  so  rcdnco  the  capacity  of  the  high  potential  transformer  that 
the  requisite  voltage  can  no  longer  he  maintained. 

Two  general  lines  of  approach  have  been  used  in  attacking  this 
])roblem.  One  possible  solution  may  lie  in  devising  such  a  treatcr  as 
would  prevent  the  formation  of  a  layer  of  tar  on  the  insulators;  the 
other  is  the  development  of  an  insulator  that  will  not  permit  of  any 
serious  loss  of  power  or  lowering  of  trenter  voltage  even  when  coveroil 
with  tar. 

The  firm  of  Sir  Oliver  J.o(.'-ic  and  Sons,  Birmingham,  seem  to  have 
hcon  the  first  to  attack  the  problem  in  the  former  of  the  two  above- 
mentioned  ways.  The  history  of  their  attempts  is  not  made  very  clear 
in  the  published  records;  but  they  appear  to  have  finally  taken  refuge 
in  efforts  to  prevent  condensation  of  tarry  matter  in  the  electrodes  by 
meand  of  heating  coils  within  the  electrode  itself. 

The  experience  of  the  writer  suggests  that  this  may  in  certain 
cases  be  of  assistance  in  preventing  the  condensation  of  water  upon  the 
insulator;  but  it  would  not  prevent  the  deposition  of  tar.  Although  the 
tar  would  then  be  distilled  by  the  heat  from  the  interior  of  the  insulator, 
there  would  be  left  behind  a  layer  of  pitch  or  of  pure  caAon  were  the 
temperature  carried  high  enough.  This  layer  would  ultimately  become 
more  conductive  than  a  layer  of  ordinary  tar. 

Since  the  work  was  not  continued  in  England,  the  writer  assumed 
that  the  experiment  had  been  unsuccessful,  and  that  accordingly 
nothing  further  had  been  done. 

Fig.  II  represents  the  type  of  treater  develoi^ed  by  the  writer.  It 
embodies  devices  to  protect  the  insulator  from  becoming  contaminated 
with  tarry  matter.  It  will  be  noted  that  the  insulators  are  removed 
from  the  main  current  of  the  gas;  hence  fog  or  smoke  can  be  carried 
to  their  surfaces  only  by  eddies  or  convection  currents  in  the  gas.  It 
will  also  be  noted  that  there  is  a  nipple  of  treater  pipe  between  each 
condenser  and  the  main  current  of  gas.  This  is  designed  to  precipitate 
fog  or  smoke  from  the  eddies  of  gas  and  thus  protect  the  insulator. 
Such  devices  have  been  used  in  plants  of  various  kinds,  notably  in  the 
plant  of  the  ilinnesota  Steel  Company,  Duluth,  Minn.     At  this  plant 
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tlic  residual  tar  foff  is  removed  from  producer  gn*  after  it  Im?  Ronff 
tliroiiRh  a  standard  -.•rul>l)in(r  and  washinpt  system.  This  iiiFtallatiou 
lias  been  working  l..r  a  eoiisiderablo  time  with  complete  satisfaction. 
The  writer  A-oiild  point  out.  however,  that  the  precipitation  of  these 
small  proportions  of  very  finely  divided  residual  tar  from  producer  gas  is 
exceedinigly  easy  as  compared  with  the  collection  of  the  total  tar  content 
irom  such  gases  beiore  they  have  been  cooled. 

Just  before  tlie  writer's  work  was  l)egun.  Professor  White,  of  the 
I'niversity  of  Mi.-liigan,  compl^'tfd  an  e.xcellent  piece  of  investigation, 
although  the  results  of  his  work  were  not  published  until  a  month  or 
two  later.'  Professor  \Vhit4'  used  a  rigid  discharge  electrode,  lield  in 
the  middle  of  the  pipe  by  a  rigidly  supiwrted  upi)er  insulator,  thu- 
doing  away  wih  the  lower  insulator  as  shown  in  the  figures  given.  His 
idea  was  that  the  gas  wouid  be  completely  cleaned  before  reaching  the 
insulator,  which  could  not  then  Ixicome  contaminated  by  deposition  of 
tar  while  the  treater  was  working  proi)eTly. 

It  may  be  remarked  tliat  not  only  would  it  he  obvicmsly  necessary 
to  clean  the  insulator  after  each  momentary  or  partial  failure  of  the- 
treater  action  from  any  cause,  but  that  also  it  is  not  at  all  probable 
that  absolutely  all  the  tar  could  be  removed  continuously  for  any  lengtli 
of  time  by  any  treater  working  even  at  maximum  efficieney.  Professor 
White  succeeded  in  d-tarring  approximately  half  a  million  cubic  feet 
of  gas  per  day  in  the  plant  of  the  Ann  Arbor  (ias  Company,  but  did  not 
solve  the  problem  arising  from  periodical  contamination  of  his  irt^ul- 
ators.  Thus  his  experiment  was  hardly  a  commercial  domonstiMtion. 
Jn  passing  it  may  be  stated  that  his  paper  includes  a  v^ry  clear  resum.' 
of  the  advantages  resulting  from  de-tarring  coal  gas  at  various  tem- 
peratures. 

Incidentally,  mention  may  be  mad.^  of  the  fact  that  the  treater  pii>.- 
at  Ann  Arborwas  placed  in  the  line  of  gas  after  it  had  passed  through 
.P  and  A  tar  extractors;  hence  the  gas  was  effc  'ively  cooled  and  cleaned 
before  reaching  the  treater.  The  problem  present>J  was.  therefore,  the 
easiest  in  the  whole  range  of  tar  precipitation. 

Mr.  Steer,  who  assisted  Professor  White,  then  undertook  to  investi- 
gate the  de-tarring  of  illuminating  gas  in  his  own  way.     It  is  known 
that  the   residual   tar   in   gas  after  passing   through   condensing   an.l 
•    scrubbing  systems,  consists  of  a  very  tine  fog  or  fume,  which  is  so 

1  The  Klectrlral  Sepa-ation  of  Tar  from  Coal  lias.  Second  paper.  Alfred  H. 
White.  R^  B.  Rowley  and  C.  K,  Wirth,  23rd  Annual  Meeting.  Mirhiga.,  (ias  Asso- 
ciatlon    Spptpmber   --3-4.   1914. 
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light  tWat  it  is  difficult  to  forco  it  effoctivcly  njrniii-t  luiy  UnffliiiR  «iir- 
ffice.  Mr.  Steor  miukj  use  of  the  well-known  fact  that  a  disohnrjro  of 
electricity  into  gas  will  ionize  it  and  that  ionization  promotes  the 
iigglomeration  of  tliu  fog  particles  into  lurger  drops  which  are  more 
easily  removed  from  the  gas.  He  eimpluycd  an  ;ilternuting  current  for 
Jiis  discharge,  and  hence  did  not  u?o  electrical  precipitation  in  the 
accepted  sense.  Whilst  Mr.  Steer's  installation  treated  residual  tar 
satisfactorily,  so  far  as  the  writer  is  awaro  he  did  not  undertake  to 
solve  the  problem  of  total  tar  removal  at  higher  temperatures.  As  a 
matter  fact,  the  wider  problem  cannot  be  met  in  this  manner;  Mr. 
Steer's  a'lplication  is  simply  an  effective  auxiliary  to  present  washing 
and  scrubbing  systems. 

It  is  appropriate  to  note  here  that  electrical  precipitation  (and 
therefore  the  Cottrcll  Proceas)  connotes  much  more  than  the  tield 
covered  by  Mr.  Steer. 


TIIK    WRITERS    EXPERIMENTAL    WORK. 

Work  at  the  Plant  of  tkp.  Vancoiivrr  Gas  Compan;/. 

In  die  mid-?ummpr  of  1914,  experimental  work  was  commenced  at 
the  plant  of  the  Vancouver  Gas  Company,  under  an  arrangement  made 
with  Major  R.  W.  Ford,  the  company's  manager.  The  company  under- 
took to  supply  the  necessary  labour  and  the  material  for  the  treater 
pipe.  The  first  treater  was  installed  in  n  C-inch  line  leading  from  a 
gas  producer  burning  bituminous  coal.  The  gas  was  heated,  without 
washing  or  scrubbing,  under  one  "bank  of  Imrizontal  retorts.  Hence 
the  e.vperiments  at  this  point  did  not  interfere  with  even  the  work  of 
this  subsidinrj-  unit.  The  gas  passed  throuirh  the  treater  pipe  at 
temjioratures  depending  upon  the  stage  of  the  charge  in  the  producer. 
but  usually  remaineil  under  the  boiling  point  of  water.  The  action 
if  the  producer  was  varied  at  different  times  in  order  to  vary  the  gas 
toniperatiires,  the  aniounts  of  suspeiulett  tar,  or  the  amounts  of  unde- 
enmiwsed  stearn. 

The  treater  pipe,  asod  liere  anil  in  the  subsiiiuent  work  at  this 
l>lant,  is  shown  diagrammatically  in  tii,'  1.  It  will  be  seen  that  the 
i;\s  enters  at  the  top  of  the  treater  jiipe  in  such  a  manner  that  the 
upper  in.-ulati)r  is  removed  from  the  direi-t  impai-t  of  the  tarry  gas. 
Nil  paitieular  attempt  was  made  to  protect  the  lower  insulator,  because 
it  was  expected  that  the  action  i.if  the  treater  in  cleaning  the  g.^s  would 
prevent  its  contaniiuatiun      The   function  of  the  lower  insulator  ("figs. 


I  and  III)  conHirtts  simply  in  prcvi-ntinff  tli.'  wire  uwmI  t\*  a  dixoharKP 
.-lixitrode  from  swinRinw  out  of  tlu^  c'.-utn-  ol  tiu-  pipo.  In  tl..-so  two 
•Wipis  the  wire  is  kept  taut  Uy  a  w.-inlit  su*pended  from  tVc  l.ottoin. 
la  fig.  II  tlie  lowor  insulator  serves  to  maintain  tlio  U-\\*\«s\  in  the 
wire  as  well  as  to  prevent  swiiiffing. 

AlthouRh,  theoretically,  all  th»!  suspended  material  in  the  (fas  js 
driven  to  the  colloctinR  electrode,  which  in  this  ease  i«  tlu'  pii>e,  yet 
always  more  or  loss  foUeets  upon  the  diwiharRO  electrode.  In  fi(?.  II 
this  tarry  material  runs  dowr  over  the  lower  insulator,  which,  accord- 
ingly, must  maintain  its  niHulating  properties  when  covered  with  tar. 
if  the  treater  is  to  op4-ratc.  It  will  he  observed  that  the  lower  insulator 
is  protected  from  this  action  in  the  types  shown  in  figs.  I  and  III.  A 
weakness  of  the  arrangement  shown  in  Hk.  I.  as  compared  with  that 
in  fig.  Ill,  appeared  in  the  couse  of  the  work;  although,  for  duo  cause, 
no  change  was  made  at  the  time. 

As  the  temperature  of  the  gas  fell  from  time  to  'J-ne,  there  was 
always  a  considerable  coiedcnsation  of  vapours  of  water  and  light  oil  t.^ 
t'-e  form  of  fog.  Some  of  this,  as  well  as  some  of  the  heavy  fog  that 
had  escaped  collection,  would  necessarily  collect  upon  the  lower  in- 
sulator, and  would  gather  as  drops  along  the  len^h  of  its  lower  side. 
Thus  a  body  of  liquid  would  bo  formed,  more  substantial  than  the  thin 
layer  found  over  the  .pper  portions  of  the  surface,  and  hence  greater 
electrical  leakage  would  result.  This  loakiiHO  did  on  occasions  c.ir- 
bonizo  some  of  tl";  ,;omlcn.sed  matter  on  the  lower  side  of  the  in>uhitor 
causing  a  breakdown  in  the  insulation  that  could  be  remcdiod  as 
doscriwd  later.  This  difficulty  did  not  occur  frequently  .ind  the 
serious  task  of  changing  the  lower  part  of  the  treater  pipe  to  conform 
with  fig.  Ill  was  not  \indcrtakcn. 

Attention  was  concentrated  upon  providing  satisfa<'tory  devices  lor 
an  upper  insulator  as  .'ihown  in  fig.  I.  No  treater  is  absolutely  ixrfect. 
There  will  always  bt;  occasions  when,  for  one  reason  or  another,  per- 
formance will  not  be  normal  for  longer  or  shorter  periods.  Ilon.-e,  all 
treaters  must  lie  designed  to  take  care  of  a  possible  dei>o»it  oi'  tar  on  the 

insulator. 

Two  devices  were  tried  with  the  hoi>e  of  lengthening  the  period  of 
effective  action  of  an  insulator  indotiuitely.  Cleaned  gas  from  the 
holders  was  driven  into  the  upper  insuhitor  <'luimber  through  the 
opening  shown  at  M,  to  find  out  if  the  dirty  gas  would  reach  the  sur- 
face of  the  insulator,  oven  if  it  should  by  any  means  get  through  the 
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iiinple  into  tin-  iii!»uliitiii«;  cliiinilnT.  LatiT,  nl-iii,  silk  lm«!(  wore  tli'il 
l)<>twceti  till)  wiilli  of  till-  piiH'  iiiul  till'  iii'ulutnr  (  um  shown  at  K),  'vitli 
th(!  objwt  of  incrt'n-injr  tin'  cllci'tivi-nfus  of  the  (•li-iin  ku*  introdiii-od 
thi'OUtfh  M,  and  ulso  with  tin-  idi'.i  thnt  the  cli>triliutiipn  of  ilw  rloiiii  ;;ii" 
would  Ix)  such  that  cddifj  of  flcin  tra-  from  hi'Inw  would  !«•  more  coni- 
plotoly  iiroventt'd.  In  thi-  ra^c  tho  ^iik  hair  Immmhio  fs,-tjntiall.v  the 
insulator,  or,  at  loa.*t.  an  intoy:ral  pari  of  it. 

Those  two  dovint's  were  ftT<i'tivi'  in  n-tardiinr  the  formation  of  tho 
layer  of  tar  over  tin'  ui)i>ot  insulatur;  Init  wo  were  finally  convinecil 
that  they  would  not  he  sati^faetory.  A  window  was  then  placiMl  in  tlu' 
top  of  a  treater  pipe  through  whieh  the  aetiuii  nf  the  gas  eould  Ikj  .studied 
with  tho  aid  of  a  beam  <>f  li^ht  thrown  down  into  the  insulator  chamber. 
In  the  ahsenee  of  the  silk  liu«,  little  .streams  of  tar-laden  jjas  eonld  be 
siM-n  oeeasionally  to  reach  up  into  the  ehamber  against  the  flow  of  oJean 
gas.  Some  of  these  were  seen  to  dejx>sit  tar  upon  tho  insulator.  When 
the  silk  bap  was  us«l.  it  was  darkened  in  sjwts  by  the  deposition  of 
small  quantities  of  tiir,  until,  finally,  a  path  for  a  small  leakage  of 
ourTDnt  wa3  prodwi'd.  The  ba^r  would  then  be  destroyed  alnio.st  in- 
stantly. Those  reactions  ooeurred  atfiiin-^t  a  stream  of  clean  ga.s  cquiva- 
h'lit  to  the  total  flow  beinjj  handled  by  the  treater.  Were  it  jxissible  to 
make  the  flow  of  clean  and  dirty  gas  entirely  uniform,  and  to  secr.re 
unvarying  electrical  discharge,  tlie  device.^  in  .juostion  would  meet  the 
case;  but  these  conditions  are  not  attainable. 

After  much  work  in  the  dinxitions  indicated  above,  the  conclusion 
was  reached  that  it  might  bo  pos-sible  to  find  a!i  insulator  that  would 
operate  even  when  wjvered  with  a  layer  of  tar.  Tairy  insulators  had 
already  worked  for  considerable  periods.  H\periment-s  showed  that  an 
insulating  length  of  a  iMiuple  of  feet  would  not  entail  a  serious  loss  of 
power  at  the  requisite  voltages  when  the  insulating  s'lrface  was 
covered  with  as  thick  a  laym-  of  clean  tar  as  could  be  made  to  adhere  to 
it.  Th'>  ability  to  insulate  was  not  destroyed  even  when  tho  tar  con- 
tained as  mi'ch  water  as  it  ii'uld  readily  hold  in  suspension. 

On  the  other  hand,  one  foot  of  insulating  length  would  allow  a 
leakage  of  current  that  w.juld  qui<kly  deveioj)  into  a  flaming  discharge, 
carbonizing  the  tar  and  leaving  i  permanent  conductor  behind.  Hence 
it  was  decided  that  an  insulating  bushing,  reaching  three  feet  inside  the 
insulating  chamber,  and  fur  enough  outside  to  prevent  sparks  from  the 
wire  to  the  pipe  (as  between  K  and  S  in  tig.  1),  might  stand  the  duty 
without  any  prn)tectiou  whatsoever.     Bushings  made  of  many  different 
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kiiido  of  insulntinc  matcrinl  w.to  then  trinl.  All  ..f  thoco  lii^tcl  for  n 
iH.nsidfrahlc  time;  but  nil.  with  one  oxcpti'ii.  w.-r.-  .li-Htn-.v.-.l  at  the 
first  brpukdowii  of  the  iii-ulntioii. 

It  apvciM  that  nt  C.  in  &ft.  1.  then-  i-  n  oo.itin.iou*  bru«l.  .liH.-lmrp.- 
rcaehinir  -ut  from  tho  wiro  aiul  ui.wnr.l  ov-r  th.'  tnrry  Mirfn.-.'  for  n 
few  inoho«.  This  dischnrtr.'  s^cntx"  to  fvolv-  li.at  onninth  to  .-arhonizr 
tho  tar  very  slowly.  Tf  thr  nrry  Inyor  ^  not  rrnow.«(l  or  rnpidly  ro- 
inovwi.  11  rosidup  of  rprboii  will  form  upon  tho  Mlrf...•.^  Hoinn  ii  <-oii- 
duotor,  this  will  ix-rmit  ll.n  hnwh  di^ohnrir,-  t(.  orocp  up  tiio  ii.-^utntnr 
until  a  line  of  carbon  i»  fornio,!  from  C  t-.  S.  A  llan.ii.tf  di-.-hnrRo 
forms  nlonjr  this  line  at  a  voltapf  d.>p.>ndiiiif.  nprmnntly.  iiim,ii  the  kind 
of  tar  heinff  handled  in  tho  trfi.t.-r.  Tho  voltnp.-  at,  whi.-h  thi* 
phonomonon  ooeurs  i»  not  hiirb  enouffh  for  effioient  pro.-ipitat.on  in  th.- 
trcater  pipes.  An  attempt  to  rais-o  the  vnltnpr.-  w  .uld  .imply  roMilt  ir, 
greater  current  consumption. 

Professor  White  seems  to  have  ben  troubh.l  in  the  sam.'  way.  for 
he  reports  that  his  insulators  would  break  down  after  a  few  hour-,  an<i 
recover  when  the  layer  of  tar  was  burned  off.  The  writer,  how.ver.  hn* 
never  been  able  to  burn  off  this  carbonized  line,  although  in  many  oases 
heavy  currents  have  bcnn  driven  over  tho  insulator  for  lioiir-  at  a 
time.  However,  in  a  report  of  later  work  on  a  larRcr  s.-ale.  I'rofessor 
White  states  that  it  wa-  necessary  to  ,h..t  down  a  treater  every  few 
hours  in  order  to  clean  tlie  insulator.  ITo  does  not  state  that  it  wa- 
impossible  to  burn  off  the  layer  o.  tar  with  tho  inhibitor  in  pla.v;  but 
presumably  that  was  his  experience. 

The  flaming  dischavpe  r.  ■  a  carbonized  line  wilK  in  a  very  short 
time  cut  into  composite  inM.lators  such  a.^  l-akelite.  micanite.  etc. 
Insulators  of  earthenware,  iK.rcelain.  etc..  eiti;er  ■•racked  tbrou-hout 
their  length,  or  the  jrlazinp  broke  under  the  line  ,.f  dis<-harse.  Carbon 
w,>uld  then  be  deposited  in  the  porou->  material  beneath,  and  w,.t.ld 
remain  as  a  permanent  eondu.-tor.  If  the  power  .-apacity  of  the  tran- 
former  used  were  very  small,  as  was  the  ease  with  Pn.fessor  White,  the 
destruction  of  the  insulators  miirht  not  be  eomplete  when  the  carbonized 
Hue  was  formed;  but  it  happened  in  every  case  with  the  larger  trans- 
formers usi-d  by  the  writer.  Insulators  of  various  types  were  trie.l,  and, 
althouph  all  were  do^t.-oyed  in  turn,  yet  th.>  results  vvere  so  proniisini-  in 
every  .-aMi  that  the  seareli  for  the  proper  insuhUlni;  material  was  con- 
tinued. There  was  im  difficulty  at  any  time,  while  the  '  sulator  was 
still  in  condition,  in  cleaninjr  all  the  tras  that  could  be  red  to  the 
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trentfi-  hy  the  protliu  .t.  l'it..t  tukw  nii(liii««  iiidi<'ntcd  that  nt  timeo  «m 
was  (Miv.Tfil  at  tlif  rat.'  .if  almost  half  a  inilli<.ii  fuhi.-  f.-.t  imt  ihiy. 
HwiiiK  to  .•liuinf.*  ill  till-  I'hiiit  it  wai*  iiivrssary  t<>  alter  the  l.M'atioii 
i.(  tho  trt-ator  while  fho  -n-ar-li  for  tho  propor  iimulator  wa^  *till  in 
l.roRr.>s«.  It  wu*  tliiij  iiHtall.'cl  to  liaiidh'  thi'  Kiis  from  tho  .'a.-l.urrttpd 
watc-  jja*  phint  in  wlii.h  raw  .-..al  wan  if«vl  iii*t«<atl  of  <'oki\  1  h(>  ru* 
waH  tak.'ii  fr.iiii  the  t..p  of  tlM>  tirst  wati-r  m\\\  iuA  outMch'  thi>  Hfiicrator. 
with  tho  iiitfiiti.iii  that  hot  it»*  .iirivtly  from  tho  stan  .i<>  would  ho 
taki'U  if  oxporiin.'iit-i  with  tlio  low.-r  tiMnporaturos  wore  su.>f«t<«fiil.  Thi' 
u:\*  oaiiio  throuffh  llu«  tr.-at.  r  at  almut  tli.'  same  tciiiporaturt'  n*  di.l  tin- 
l.r.Klii.-fr  tea*  provioii^l.v  ii«ci.  mnl  .•.m.liti.nH  wrw  in  all  n>>«iH'.'t«  muoh 
tho  itamo. 

Shortly  aftor  the  tnatcr  wa^  ii'-talLnl  in  it^  iifw  p.mifi.>n.  a  tuhc  of 
fuscil  silica  wai  trii.l  a-  an  insulator.  It  di.l  not  tiiko  hmn  t.>  pr.)ve 
this  tho  idwil  s.,ui.'ht  for.  I'ri<liiiiinary  I'XporiiiiPiifs,  outside  tho  troator 
pipe,  showed  that  a  tlamiiiir  di^charce  .iver  a  continir  of  carlHiniz.d  tnr 
on  tho  silica  does  not  iv'  ..ro  the  sili.'a  in  tiie  l.-ast.  It  wan  impraPtimi'Wo 
t.)  hum  off  the  .•afhoniz.M  tar  with  tho  eiirr.Mit  within  n  r.'asonahlo 
time;  hut  when  it  was  rem  ive  1  hy  an  inten^o  rtam<>,  no  trai-o  wr.s 
.rhsHTVod  of  a  earlxMiizod  line  from  the  previ.ius  tn^atm.'iit. 

Tho  first  tuW-s  av.iilahle  w.'r.'  only  ;10  iuelies  in  len>ttli;  hut  pre- 
liminary experiments  indieiited  that  this  lenortii  would  suffiee  for  fair 
servi.-e.  The  trcnter  pilie  was  then  ritrp'd  up  with  tho  new  iiisulat.irs  in 
position,  .(ills  was  passed  thr-mch  the  troat.T  t.)  drive  «nit  air  an.l 
ohviato  tho  danner  .if  e.xplosioii.  The  .-iirreiit  was  then  turned  .m,  and 
iippearanees  indii-ateJ  that  tlie  insulator  was  jiraetieally  short-i'ireiiite.l. 
The  troiitt^r  was  th(»ii  .ipened  up  t.)  see  if  anythiiijr  had  heen  hrok.'ii,  in 
asseiivhliiiK;  hut  all  was  in  pro]>er  ord.>r.  It  was  assomhled  airaiii  ami 
t.^»t<«d  el.M-trieally  witli  air  in  tho  treater  pijK".  and  tho  insulators  wore 
found  to  he  in  iwrfc't  .'oiidition.  Cas  was  apain  turned  into  the  treater 
l)ilH?,  and  the  eurr.-nt  started  as  hefor.--with  the  .«amo  result.  This  was 
repeated  a  nuinher  of  tini.'s,  until  tiiially  it  .s.'eme<l  that  the  fiw-il  siliea 
would  not  remniii  an  iiiMihit.ir.  altiioiiL'h  it  w.nild  i-.'e..ver  its  properties 
on  e.tposure  to  the  air. 

Tltore  seemed  t.i  U-  "o  explanation  .if  this  remarkahle  phenomenon 
until,  by  aeeideiit.  the  .'iirreiit  was  left  riiiinintr  for  a  eonsiderahlo  time. 
It  was  then  notic.xl  that,  after  a1)«>ut  an  hour,  tho  insulation  hoeame 
liraiiually  l>etter,  that  is,  the  v.)ltarfo  kept  Roinp  up  and  the  current 
down,  without  any  chamre  in  tho  settinjr  of  the  controlling  rheostats. 
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Ill  two  hour*  the  iimulatiou  ImH 'HiiiiplcUl.v  rfoviTftl,  and  pracipiUtion 
'\vi»«  pn>i'e«Hk<«l  with  in  n  p»«rf«!tly  normnl  monner. 

Iiiitiiil  fiiiluro  uini  frriKluiil  n«'i'ViT.v  Imvo  \HH>n  oWrvwl  In  rxfty 
(■iisiK  when*  fu>«><i  tiilii'ii  hiio  bti'ii  um><|  uh  iiii  iii'uLitor.  A  cIik*  to  thi« 
iM.>hiivi<nir  «H»niii  to  have  hoi-n  found  in  tin-  rucrnt  work  nt  Snult  8ti». 
Mnrii',  im  will  Ik?  i'X|iliiiii<'il  Inter.  Tin-  rt'<''>V4T>'  of  tln>  inxiihitor.  nff«'r 
ill)  initiiit  fniluri-,  tak<^  diffiTi-iit  Ifiintli*  of  fiiiii',  lii'iiviidinif  iippiiri'titl.v 
utwii  tlw)  kind  of  tiir  hoinir  colli'ctfd.  In  work  on  p<>troU>uni  dintilliitinn 
idfHi'rilK'd  bi'low,  rot-ovcr.v  wii*  complrt^"  in  a  niiniit*';  wliiU>  in  hot  pn* 
"liurettwl  wiitor  iran  from  the  c'  ind-pi|)p  nt  Taromii,  the  silica  iniprovcd 
ifor  thp  iirHt  hour,  wii  ii  it  ri'iiehitl  stoimI  condition,  and  then  more  Klnwly 
fur  lis  much  as  half  a  day. 

riu!  tir^t  cxijeriincnt*  with  »hort  fuM-d  *ilioa  tiiUn  at  Vnncouvpr 
showed  that  after  tho  initial  failure  and  recovery,  tlio  inmiliitor  retnain* 
ipurftrt  for  iieriodt  v  yinn  from  six  houn«  up  to  twcnty-foiir.  Thp 
^•ause  of  failure  ia  mentioned  above.  It  apiwiired  that  longer  insulMtMrN 
give  entire  satisfaction;  hut  bt>fore  these  could  be  t>btained,  clianKfK  in 
tiie  mun:iReinent  of  the  plant  niado  it  iinixw^ilili-  for  the  work  to  be 
K-ontiniieil.  It  had  been  carried  on  coiitii,n<'ii«l.v  during  tlin-e  iiionthii 
«>f  tlw  cuinnier.  and  then  at  nvnilablo  intervaU  in  university  lecturinir 
durinit  the  winter  and  spring  of  1014-15. 

Wurl-  at   Ihf  I'ltinl  of  the   Taroina  <Sn.t  Comiximi. 

In  January,  lOIC,  urranpemeiits  for  the  coiitinuatidii  of  the  work 
were  made  with  Mr.  \V.  A.  LiUonberRer;  Superintendent  of  the  Taconirt 
(las  (  ipany.  The  treuler  piiw  slniwn  in  Hr.  II  was  built,  and  used 
'with  two  'itrercnt  kinds  of  na^  at  various  tiuic-i  duriiiir  the  first  mx 
iiiioiitli-i  ,,i  the  year.  No  attempt  wliatever  was  made  to  prevent  the 
ifoiiiiatioa  of  a  la.ver  of  tar  on  the  iinulator.  Tar  collected  on  the  di^- 
iliar(?e  .*ii'e  would  run  down  over  tlie  lower  in.-'ulator;  while  tar  not 
iprofipitutej  in  the  pipe  would  collect  on  the  upiK-r  insulator. 
I.  The  hivv<T  insulator  was  made  of  two  small  quartz  rods,  !■*  inches  in 
lentfth,  tiid  tottether  as  indicated;  the  upqier  was  a  double  <iuartz  tube, 
4  ftH>t  icni.'.  with  ai)proxiniat<'ly  'i  feet  of  its  length  in.^ide  the  insulator 
fhamber.  The  use  of  a  tube  ia  nee,_isary  to  permit  of  the  entrance  of 
'the  electric  current,  and  a  double  tulie  was  used  to  prevent  puncturing 
of  the  iiisiulator  between  the  wire  and  the  top  of  the  treater  pipe  at  the 
(point  S.  The  concentric  cylinder  F,  in  the  lower  insulator  chan.  ler, 
fwas  used  to  prevent  the  swinging  of  the  lower   insulator  caused   by 
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Ihc  irrcitultir  ini|*iit  "I    tin   bum-,  fiitpriiiK  tli.-  trtiitcr;  otiJ  nl«o  to 
prevent  tin-  »l.-|Hii.iti<.»i  of  piirti.-U".  -f  |«it.-h  dir.'ftly  from  tlw  tti\»  "H  thf 


iiiftul.    'r.     Tliiii  liitl«'r  di'iNwit  i-  nioro  i'..iulu<'tiv.'  timii  the  mort>  fluid 

Inr  ruriiiitiK  down  tli«  di*liiirvo  wiri-. 

The  troiUrr  wb»  flri't  iimtalli'd  to  hniulli-  .-"ul  kw  More  tli<>  uph  had 

».n».r«'d   thi>   !'   mid    A   .xlra.u.r.   iind   iifl'T   it   Imd  1h<mi   ihruUKli   thr 

<'xh«u>itcT.  whirh  »ll^  ill  tlii»  ••ii.i-.  the  tir»t  pi.r.  ..f  iipiMirutii*  thr.mgh 

which  the  gtt»  paswi-d  iiltor  it  loft  thn  enllwtiim  niiiii 

At  Hrwt  thi'  Iroiitfr  wu»  imd  >iinply  u*  a  by  pa -"4,  with  I  im-h  iiilot 

«ind  oufli't  pi|H'n.     Viilvo!*  (Ill  tlic  main  liin',  and  <m  tii<'  trt'atcr  inlft  ntid 

«.utl<'t,  nuid«'  it  posfihlo  to  vary  the  uiiMuiit  c»t'  jran  pnwiiiK  throiijfh  the 
troater  up  to  a  :>\n,xiiiiimi  of  over  10(),iKN»  etilMc  feet  per  day.  I.iitiT,  0- 
iiifh  pipt-H  to  and  from  tlie  treater  were  iiHtalled.  n>  lliat  the  total 
produitioti  of  aax,  about  400.000  euhio  foct  per  diiy.  oould  be  pa*-..! 
thriiutfh  the  treatiT  nt  a  teiiiperatnre  of  from  Il'H  F.  t"  i:iO  F.  wlien  the 
Vhint  wa-i  runniim  normally.  <>n  niie  .n^casion,  however,  the  water  in 
the  (•ol!i;'tintf  main  \va.t  hiwered  »■*  mueli  a*  poiotible  ami  the  fein- 
prratiire  foreiil  up  to  Hid  F.  All  ll"'  phcsiomena  were  the  same  at  both 
lemperatares. 

'  Mit  diffieiilty  wa*  ONperieneed  in  obfaininjr  (luartz  tube*  that  were 
not  broken  in  wliipment,  and  th.it  would  not  punetnre  at  or  mar  the 
point  S;  but  after  >uc'h  tiii>es  wen?  obtained,  the  work  of  thi'  tn-ater 
was  all  that  eould  be  desired,  at  least  up  to  the  end  of  oaeh  trial  when 
u  earlxmi/ed  line  wa.-i  formed.  The  failure  of  the  insulation  never 
t.Mik  pl.iee  more  than  once  a  d^y.  It  had  been  IioimmI  that  this  would 
n..t  o.Mur  with  the  loup-  in-ubitoi-^;  but  the  diffleultv  w^i"  met  in 
aiicither  way. 

Kxpei-imeiit  >ho\\iil  tbiit  it  was  jHisHble  to  wa>b  otT  the  tarry  dcix.git 
on  the  in>nlator  by  allowinic  liRht  eool  tar  distillate  to  enter  at  .M  and 
rnn  down  "Vtr  both  insulators.  This  carried  off  deposits  that  were 
ibccomintr  thickeniMl.  bfit  that  were  not  yet  actually  carbonized.  It 
was  shown  that  liy  thi'-  simple  act  of  attendance,  once  or  twieo  a  day  «t 
most,  the  action  of  the  tre.iter  could  Ik-  made  continuous.  If  the  wasli- 
int'  were  dclnyed  until  a  cari.oni/ed  line  formed,  the  insulators  would 
•have  to  be  remov(»d  and  -leaned  in  a  hot  tir.>.  The  feasibility  of  eon 
tinuous  freater-pipe  action  was  now  taken  as  proved  for  the  tempera- 
tures indicated. 

As  it  was  not  practieaMe  to  obtain  ccal  gas  at  hipher  temperature?. 
the  u^o  of  one  of  the  earburetted  wator-jras  maehinea  was  soenred.  The 
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Kns  was  taken  from  tho  8taii<l-|>iix>.s  to  the  trontcr  tlirouffh  a  4-iiicli  line, 
ubaiit  t>0  feet  lon»r.  The  tciiiiierature  in  the  trcatcr  varied  from  450°F. 
to  slightly  over  50(»"K.  at  different  times  and  under  different  operating 
conditions.  Tho  operation  of  the  treater  was  much  the  same  as  it  liad 
-been  in  all  the  work  to  date,  except  that  the  initial  failure  and  reeovery 
of  tho  insulation  took  a  loiiRer  time  than  in  the  vase  of  coal  Ras  or 
ijjroducer  jras.  At  hi>fh  temperatures  the  tar  fo(?  particles  could  not 
icontain  as  much  lijrht  oils  as  they  would  at  lowc^r  temperatures.  The 
itar  collected  ran  off  the  pipe  freely,  but  would  harden  as  a  mixture  of 
ifoal   tar  pitch   mid  jietroleuni   a.^phaltum  on  cooling. 

Tests  were  made  on  both  the  coal  tras  and  tho  earburetted  water  pis 
to  see  if  the  calorific  value  of  the  pas  were  raised  by  the  removal  of  the 
t;<r.  Xo  improvement  was  fmind.  This  indicates  that  at  temperatures 
«s  bifjh  as  160' K.  the  particles  of  coal  tar  fog  absorb  from  the  gas 
Vraetically  as  much  lijtht  oil  as  would  l>o  aksorlx-d  at  usual  temperatures 
of  removal,  namely,  from  100°F.  to  ]20"F.  Improvemenit  in  the 
•calorific  value  of  earburetted  water  ^as  when  the  tar  was  removed  at 
«>00°K.  was  exp(>cted,  but  the  foUowiiiK  facts  account  for  failure  to 
obtain  it:  The  coke  use<l  was  (piite  .soft  and  i-ontaincd  a  <'onsideriil)Ic 
liimount  rtf  residual  pitch,  whicli  would  yield  only  small  amounts  of 
jiglit  oils  on  beinp  distilled.  Tho  petroleum  u.sed  in  the  carburetter 
•and  su]icrliciitcr  bud  been  "topped"  at  a  fairly  liijrb  tem|>eriiturc,  and 
itherofore  could  not  be  exp<H'tod  to  yield  much  lipiit  oil  in  any  case. 
(On  ooolinjr,  small  quantities  of  the  <-lcaned  gas  gave  light  yields  of  oils 
nif  nici'.iuui  density,  but  practically  nothing  of  the  gravity  of  benzol  or 
jrasolenc. 

The  arrangement  of  tiic  plant  was  sm-ii  that  flic  coal  gas  tar  was 
.<m1IccIc(1  with  that  from  the  water-gas  machines.  Moreover,  the 
antnionia  and  tar-collecting  systems  were  contaminated  with  far  frnni 
■ordinaiy  ojH'ration.  There  was  tlicrct'ore  no  oqiiwrtunity  to  determine 
Jthe  effect  of  total  removal  t\\'  far  I'roin  the  gas  upini  the  :ipiiearaiice  .if 
itlic  ammonia  liciuor.  It  W(iuld  iirob:il)lj-  have  taken  weeks  of  riinninir 
iwitii  far-free  jras  to  dean  out  the  pipes  and  scnrUlKTs.  However,  the 
cooling  of  small  quantities  of  the  gas  leaving  the  trcater  pipe  showed 
that  a  cleiiii  ammonia  liipior  wouhl  be  produced  by  this  iirocess.  Only 
Tough  measurements  were  made  on  the  efficiem^y  of  the  freater  as  a  tar 
collector;  but  these  indicated  that  the  giis  leaving  the  treater  was  much 
•more  thoroughly  de-tarred  than  the  gas  at  the  entrance  to  the  jmrifier- 
after  passing  tbrough  all  flic  eondcnsinjx  and  s<'rubbing  nincliinery 
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AIM'MC'ATH'NS    IX    WOllU    i)ISTII.I.\T10\. 


'      (Ivncral  Con.tidirationii. 

It  is  advisable  to  (five  fortliwitli  a  very  l)rit'f  sketch  of  the  proeesse* 
usc<l  ill  the  (listilhition  of  wood,  in  order  that  tlio  value  of  this  iiiverti- 
fiatiou  may  he  more  fully  understood. 

Kesin  and  turpentine,  us  such,  exist  in  soft  woods,  and  are  driven 
off  by  ordinary  distillation  or  aro  obtaiiunl  by  solution  in  absorbinjr 
^ila.  No  by-products  are  obtained  from  hardwood  by  ordinary,  as 
distinct  from  destructive,  distillation.  At  a  temperature  of  about 
200°C.  destructi.o  distillation  of  cellulose  bejrins  to  take  place,  that  is 
to  say,  the  wood  is  decomposed  by  the  action  of  the  heat.  Tho  pro- 
ducts are  pitch,  creosote,  li^bt  oils,  and  pyrolijiuoous  acid,  tho  last 
yielding  water,  acetic  acid,  and  wood  alcohol.  Hardwood  tar  is  of 
little  value,  althousfh  creosote  is  constantly  «rowinjr  more  valuable. 
The  fjreatcr  part  of  the  tar  from  hardwood  distillation  is  burned  as  furl 
tinder  the  retorts. 

Softwood  tars  are  very  much  more  valuable.  Tho  recent  demand 
>f«r  liffht  pine  oils  for  ,use  in  tho  flotation  of  ores  has  enhan<!ed  the 
value  of  tho  tars  appreciably.  Pyroligncous  acid  from  soft  woods  con- 
tains, on  an  average,  les>  than  one-half  the  acetic  acid  yielded  by  hard 
•woods,  and  one-rjuarter  or  less,  as  much  wood  alcohol.  The  values  of 
these  two  products  are  fixed  by  the  hardwood  distillation  industry,  with 
the  result  that  pyrol igneous  acid  from  softwood  Is  usually  thrown  away. 
Ill  wood  distillation  the  products  are  M  collected  together  in  a 
single  system  of  condensers.  The  tar  fraction  is  then  separated  as 
«Minploteb'  as  practicable  from  the  pyroligneous  acid  by  settlin«. 
■However,  the  separation  is  not  at  all  complete.  Tho  tar  fraction  con- 
tains some  pyn^ligneous  acid,  very  tinely  divided  as  a  kind  of  emulsion. 
In  rolining  tar  by  secondary  distillations,  this  emulsion  must  be  broken 
up,  a  very  diffi  :ult  oix'ration  in  the  case  of  most  softwood  tars,  because 
of  fiothing  in  the  refining  stills  when  the  temperature  reaches  the 
boiling  p<^>int  of  water. 

'  The  pyroligneous  acid  from  both  .soft  and  hard  woods  is  a  very 
llark-brown  or  black  liquor,  the  colour  being  due  to  the  presence  of  bo- 
H-albxl  soluble  tar.  When  the  acid  is  evjiporated  this  remains  in  the 
still  as  ordinary  tar,  and  it  cannot  then  be  placed  in  suspension  in  the 
acid.  Hence  it  is  probable  that  the  tar  is  present  in  tho  acid  in  the 
molecular  state.     The  amounts  i>f  this  soluble  tar  in  the  acid  from 
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different  kinds  of  wood  vary  greatly.  In  general  it  is  much  Rroater  in 
'acids  from  soft  woods  than  in  those  from  hard  woods.  Statements  have 
4>een  made  to  the  writer  to  the  effect  that  there  may  be  as  much  as  12 
gallona  of  soluble  tar  in  the  pyroligncous  acid  in  a  cord  of  some  pine 
woods.  Where  the  tar  is  valuable,  as  in  the  case  of  pine  woods,  the 
■waate  of  the  pyroligncous  acid  involves  a  serious  loss  of  valuable  tar. 

Experimental  Work  at  Seattle. 

In  the  summer  of  1916,  the  writer  obtained  the  use  of  an  experi- 
TOental  plant,  belonging  to  the  United  States  Forest  Service  and  the 
University  of  Washington,  situated  on  the  grounds  of  the  latter  insti- 
itution  at  Seattle.  Work  was  carried  on  here  with  the  co-operation  of 
(Professor  Benson  of  the  Department  of  Industrial  Chemistry. 

The  plant  is  a  complete  model  of  a  softwood  dist;'!ation  plant  on  a 
semi-commercial  scale.  It  is  composed  of  the  retort,  air  condenser, 
water-cooled  condenser,  exhauster,  and  gas  bolder,  with  various  acces- 
sories, such  as  stills  for  refining  the  tar  and  pyroligueous  acid.  It 
•takes  something  over  three-quarters  of  a  cord  of  wood  at  one  charge. 
'Examination  of  the  plant  records  shows  that  gases  from  the  retort  enter 
the  air  condenser  at  temperatures  slightly  above  the  boiling  point 
of  water.  This  indicated,  as  was  proved  later  by  experimen'ts,  that  nt 
this  point  the  applicability  of  electrical  precipitation  to  wood  distilla- 
tion could  be  beat  investigated. 

The  treatcr  pipe  (fig.  II)  that  had  been  used  in  the  work  at  the 
Tacoma  gas  plant,  together  with  thfi  e.Tix>ri!^  ntal  outfit  used  there,  was 
brought  to  Seattle.  The  pipe  was  instalkil  between  the  retort  and  the 
air  condenser  in  such  a  way  that  all  the  vapo\ir-laden  gas  w'as  forced 
through  the  pipe  without  any  by-pass.  During  a  part  of  the  run,  after 
destructive  dis'-.illation  of  the  charge  had  bf^fun  to  take  place,  the 
temperature  of  the  treatcr  remained  slightly  above  the  boiling  point 
•of  water  until  the  later  stages  of  the  run,  when  the  quantity  of  gas  was 
«o  small  that  radiation  lowered  the  tennperature  below  this  (point. 

At  such  temperatures,  water,  acetic  acid,  and  light  oils  were  abovp 
their  points  of  condensation,  and  tlms  went  through  the  treatcr  pipe  as 
true  vapours,  without  being  in  any  way  affected.  Hence  the  smoke  or 
-fog  consisted  entirely  of  particles  of  'heavy  tar,  which  were  completely 
•removed  during  the  passage  of  the  gas  through  the  'treater.  In  these 
circumstances  the  material  collected  in  the  treater  was  a  heavy 
anhydrous   tar,    which    could    he   placed    on    the    market    directly    as 
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•Tetined."  The  light  oils  and  pyn.liffnwius  acid  verc  tlien  oonfloiisnd  ' 
•and  collected  in  the  condensins  system  of  the  plant.  In  all  the  runs 
made  at  this  plant,  roughly  selected  tir  mill  waste  was  used.  Each  piece 
■was  supposed  to  show  some  sign  of  pitch,  so  that  the  largo  quantity  of 
•tar  di^illed  would  demonstrate  whether  its  prt>:»ence  in  the  gas  would 
•make  electrical  insulation  more  difficult. 

The  total  yield  of  tar  averaged  about  40  gallons  per  cord.  Of  this 
•ainwjuut,  from  10  to  12  gallons  were  collected  in  the  condensers  aa  a 
light  oil.  There  was  marked  variation  in  the  total  and  relative  yields 
•of  tar  and  acid. 

The  light  oil  rose  to  the  top  of  the  pyroligneous  acid  almost  im- 
mediately after  cc.ndensation,  and  did  not  carry  with  it  aiiy  appre- 
•ciahle  proportion  of  pyroligneous  acid  as  an  em'ulsion.  It  now  ■xppeared 
•that  the  soluble  *'-  ohtained  in  the  regular  processes  of  distillation 
•consisted  in  grerti  .lart  of  heavy  tar  and  not  af  light  oil.  The  heavy 
tar  -M  our  work  was  already  n'ninved  in  the  treater,  and,  since  the  light 
o'  3uld  not  remain  in  sohiti'ni  or  suspension  in  the  pyrolignoi.  s 
acid,  the  latt<T  was  found  to  be  a  very  light  straw-coloured  liquid  con- 
taining substantially  less  than  10  per  cent  of  the  amount  of  solu:ble  tar 
(found  in  the  darker  acid  ordinarily  distilled. 

re.s-/.s'   in  Flotation  of  Ores. 

The  light  oils  collected  in  these  runs  were  tested  with  various  ores 
of  the  Northwest  to  determine  its  suitability  for  use  in  concentration 
by  flotation.  It  was  found  to  possess  substantially  the  same  propertios 
•as  the  commercial  grades  of  Southern  Pine  flotation  oils.  It  may  be 
pointed  out  here  that  a  flotation  oil  should  possess  two  distinctive  proper- 
ties :  first,  it  should  make  an  effective  froth ;  and,  second,  there  should 
be  enough  body  to  the  froth  to  lift  the  valuable  mineral  constituents 
of  the  ore  with  the  least  practicable  quantity  of  gareyue.  Light  oils 
us'uaUy  possess  the  greater  frothing  ea.pacity;  while  heavy  tar  in  the 
oil  lends  body  to  the  froth. 

Pine-wood  distillation,  oan-ii>d  on  a->  in  the  alwvo  tertts.  yields  a 
heavy  tar  ajid  a  light  oil  from  the  first  operation,  tbus  doinp  away  with 
th"  ordinary  secondary  or  refinir^r  distillations.  The  requisite  •  pro- 
qjortion  of  light  oil  and  heavy  tar  for  a  flotation  oil  suitable  for  a 
iparticular  ore  can  be  determined  by  experiment. 

During  the  winter  ot  li>lt3-17,  Profensor  Henson  and  his  associates 
drew  up  plans  for  a  distillation  plant  for  the  production  of  flotation  oils 
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The  gchorne  was  dron)ed  temporarily  on  tho  eiitranoo  of  the  United 
States  into  tho  war.  Notliing  further  has  l.oeii  done  in  applying  elec- 
trical  precipitation. 

tiuggpstion.1. 

Tliere  is  no  niiinner  i.f  doubt  that  a  heavy  wood  tar  can  be  collected 
by  electrical  precipitation  at  a  temperature  above  the  boiling  point  of 
water,  without  any  of  the  difficulties  in  the  way  of  insulation  that  have 
been  encountered  in  collecting  coal  tars  from  horizontal  retorts  and 
from  by-product  coke  ovens. 

The  fact  that  light  oil  vapours,  which  pa>.s  through  the  treater  pipe 
with  water  vaiwur  at  high  temperatures,  do  not,  on  condensation,  re- 
main in  s:iiipon?ion  in  water  to  any  appreciable  extent,  suggests  that 
there  may  bo  now  developed  a  direct  process  for  the  recovery  of  acetate 
of  lime.  If  such  a  process  were  dwelopcd,  it  -would  constitute  a 
revolution  in  the  miethods  of  distillation  of  both  hard  and  soft  woods. 

Following  up  the  .suggestion  of  the  previous  paragraph,  it  seems 
conimercialily  possible  to  collect  by-ppoduct.s  from  charcoal  kilns  or  gas 
■producers  burning  wood.  This  is  not  done  at  the  present  time  because 
of  the  cost  of  by-product  collection  e<iuipment,  and  because  considerable 
quantities  of  the  valuaible  by-products  are  burned  in  the  kilns  and  the 
remaining  amounts  would  not  warrant  the  inves'Tiont  .lecessary  for 
their  recovery.  On  the  other  hand,  the  expense  of  an  electrical  preci- 
pitation installation  is  mereb'  nominal.  This  alone  would  yield  con- 
siderable quantities  of  heavy  tar.  A  direct  process  might  then  be  made 
to  yield  sufficient  acetate  of  lime  to  oe  worth  recovery,  without  con- 
■densation.  The  recovery  of  either  or  both  light  oil  and  wood  alcohol 
could  be-  effected  in  the  manner  tliat  might  appear  most  desirable. 

In  the  opinion  of  the  writer,  this  is  the  only  promising  method  of 
attacking  the  problem  of  utilizing  economically  the  enormou.s  quanti- 
ties of  wood  waste  in  Western  Canada  and  tlio  N'orthwestom  States. 

.^I'PLICWTIONS  l\   PETHOI.EL'.M    niSTII.r.ATION. 

Previous  work  in  coal  and  wood  distillation  suggested  hew  possibi- 
lities in  the  fractional  distillation  of  tar,  petroleum,  and  other  liqaid 
hydrocarbons.  Mr.  J.  A.  Cunningham,  manager  of  the  British 
Oolumbia  Refining  Company,  Port  Moody,  B.C.,  authorized  a  .series  of 
tests  at  this  plant  in  October,  191 G.  Visual  examination  of  the  vapours 
leaving  the  stills  reveaJed  the  fact  that  there  is  carried  over  a  consider- 


able  iqunntity  of  *nw>kc  or  foj;.  It  was  with  llic  iileu  of  collcoting  tills 
that  the  work  was  mulprtakcn. 

Gasolene  U  not  produced  at  this  jdaiit.  The  i-rude  ix'trolcuin  is  of 
a  heavy  (gravity,  and  is  all  obtained  from  the  rniim  Oil  Conipany  of 
California.  The  oil  is  ovaixirated  until  asiihalt  of  the  rmiuired  degree 
pf  hardness  is  left  in  the  stills.  ISniall  <juantitie.-*  of  Knsfoleno  are 
yielded,  but  it  is  not  sei>aruted  from  the  lightest  distillate. 

The  treater  pipe  that  had  been  used  at  Tai-oma  and  Seattle  was 
sent  to  Port  Moody  and  installed  on  the  (t-inch  line  loadinsr  from  one 
of  the  stills  to  its  condenser.  All,  <ir  a  portion  of,  the  vujmur  from  the 
still  icould  lie  passed  thronjrh  llie  treater.  In  the  tests  made  all  the 
vapour  was  liandh-<l.  The  regular  eliarf?e  in  the  still  was  l(!r>  barrels. 
Tlvo  temperature  of  the  treater  ipipe  rose  from  time  to  time  during  our 
runs  until,  at  the  end,  with  the  ai»plialt  remaining  in  the  still,  it  stood 
in  the  vicinity  of  rt50'F. 

The  advantages  pxiH>cted  were  based  on  throe  thenretieal  assump- 
'tions. 

It  is  known  that  the  distillation  produrts  from  liquid  hydrocarbons 
do  not  exist  as  ehem'ical  entities  in  the  undistilled  hydrocarbon.  Dis- 
tillation is  destruetive.  It  is  doubtful  if  distillation  is  ever  achieved 
without  a  certain  amount  of  "'  crackiiifi."  The  phenomenon  of  cra<?k- 
ling  is  not  at  all  clearly  understood.  However,  it  is  reasonable  to 
suppose  that  the  breaking  up  of  a  mohvule  may  pive  two  or  more  mole- 
cules, each  witfh  a  smaller  number  of  atoms.  The  composition  of  the 
smaller  molecules  depends  on  the  tenuperature  at  the  moment  of  dei^om- 
•position.  In  general,  one  at  least  of  the  resultinjr  molecules  -will  con- 
tain more  hydroften  than  the  original  molecule,  and  one  at  least  will 
contain  proportionately  less.  Ultimately,  if  the  temperature  is  •carried 
high  enough,  it  is  possible  to  crack  the  eonii)ound  into  hydrogen  and 
•carbon. 

'  It  is  fair  to  suppose  that  the  violeiic(>  of  the  reaction  when  the 
'molecule  is  broken  up,  will  carry  the  products  of  decomposition  into 
the  twdy  of  the  resulting  vapours.  This  implies  that  the  lighter  mole- 
cules would  bo  (present  as  true  vapours,,  while  the  heavier  might 
•agglomerate  into  fog  "particles,  or  even  remain  as  suspended  particles 
of  carbon.  All  the  heavy  constituents  would  be  carried  in  suspension 
"witih  the  stream  of  true  vapour  and  colk>ct(Hl  in  the  condenser  with  the 
lighter  fraction. 
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The  second  con»ideration  involves  the  action  of  heat  in  cauainp 
true.  a,,  distinct  from  destructive,    distillation.      The    stills  used  in 
rafining  tar,  petroleum,  etc.,  are  heated  by  direct  firini?  from  below. 
At  any  given  moment  the  body  of  the  liquid  in  the  still  might  have 
•an  avorage  uniform  temperature,  though  the  temperature  of  the  liquid 
in  contact  with  the  bottom  of  the  still  would   naturally   he    higher 
Since  petroleum  is  vinous,  particmlarly  in  the  later  stages  of  a  run, 
whtn  heavy  engine  oils  are  being  driven  off.  it  is  probaJble  that  convec- 
tion currents  cannot  be  rapid  eu<.ugh  to  kvop  the  liquid  in  contact  with 
the  hot  bottom  at  a  temperature  as  low  as  the  avenign  of  the  liquid 
above.     There  will  thus  be  greater  evaporation  of  the  Iwttom  liquid 
than  could  be  produced  at  the  average  temperature  of  the  still.     This 
means  that  some  t)f  the  heavy  vapours  rising  from  the  hot  bottom  will 
•1)6  condensed  to  fog  while  passing  through  the  woler  liquid  uhove. 
•      In  the  third  place,  the  bubbling  of  vapour  through  the  liquid  is 
assume-]  to  cause  the  formaltion  of  smJl  particle,  of  the  liquid  as  a  kind 
of  spray.     Sueii  particles,  if  present  at  all.  would  not  have  been  sub- 
ject to  evaporation,  and  would  be  carried  over  mechanically   in  the 
vapour  stream  to  the  condenser.     A  great  deal  of  effort  has  been  ex- 
pended in  attempts  to  extract  those  heavy  fog  particles  and  to  drop 
th«m  back   in  the  still  for  proper  fractionation.     The  ordinary   de- 
phlegmating  column,  however,  achieves  the  desired  result  very  imper- 
fectly, because  of  the  fact,mei,    oned  before,   that  tar  fog  particles  will 
not  adhere  to  baffling  surfaces  satisfactorily  at  high  temperatures.     On 
the  other  .hand,  the  electrical  precipitation  process  proved  a  perfect 
dephlegmator;  it  was  demonstrated  that  the  vaipour  stream  could,  by 
this  process,  be  made  visibly  clean  of  fog  at  any  temperature  reached 
during  distillation. 

■  It  was  expected  that  the  tests  would  throw  some  lig<ht  on  the  problem 
of  "acid  sludge."  As  is  well  known,,  the  agitation  of  a  fractional 
portion  of  tar  or  petroleum  with  sulphuric  acid  yields  varying  quanti- 
ties of  a  dark  heavy  substance,  which  is  of  the  consistency  of  a  soft 
asphalt  and  is  called  "acid  sludge."  There  is  a  difference  of  cvpinion 
as  to  whether  this  sludge  is  composed  entirely  of  a  chemical  compound 
formed  by  the  action  of  the  acid  on  certain  comiwnents  of  the  oil;  or 
whether  a  substantial  proportion  consists  of  asphaltio  matter,  carried 
over  from  the  still  mechanically  and  separated  from  the  distillate  by  the 
action  of  the  acid. 
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In  the  first  tests  the  old  treater  pipe  with  *)ldercd  jointa  were  welded 
with  oxy-aeetylciie  and  used  as  an  indicator  of  possibilities.  No  steps 
were  taken  to  prevent  surface  condensation  b;;  insulation.  The  material 
collected  in  the  treater  was  run  into  sei)arato  containing;  tanks  and 
not  back  into  the  still.  It  was  found  that,  as  the  distillation  pro- 
gressed, the  liquid  obtained  from  the  treater  was  always  about  7° 
'Beaume  hif^her  tlmn  that  collected  in  tlie  condenser.  The  coudeii.ser 
liquor  was  run  into  the  storage  tanks  with  the  corresponding  materia! 
from  the  other  stills  that  had  not  been  through  the  treater  pipe.  Hence 
it  was  not  possible  in  these  first  tests  to  make  determinations  on  a  large 
scale;  but  laboratory  tests  indicated  that  liquor  obtained  from  vapours 
that  had  passed  through  the  treater  pipe  would  need  considerably  less 
acid  and  yield  correspondingly  smaller  amounts  of  acid  shidge  tluni 
liquor  of  the  same  gravity  produced  ordinarily  in  the  plant. 

By  far  the  most  striking  phenomenon  obser\'ed  was  the  presence  in 
the  liquid  collected  in  the  treater  of  very  considerable  quantities  of 
free  carbon,  which  settled  in  a  soft  granular  condition.  It  is  probable 
that  this  f-arbon  was  present  in  the  vapour  stream  in  the  form  of  very 
small  particles  of  carbon  smoke,  quite  distinct  from  the  tar  fog  particles. 
Probably,  also,  the  particles  were  driven  against  the  pipe  by  the  electri- 
cal discharge  in  such  a  way  that  a  layer  of  soft  carbon  was  formed,  and 
then  washed  off  in  granules  by  the  streams  of  oil  running  down  the 
pipe. 

It  was  now  determined  to  proceed  with  the  erection  of  a  well-de- 
signed treater  pipe,  thoroughly  insulated  to  prevent  surface  condensa- 
tion. It  was  also  de3ided  to  install  a  more  efficient  electrical  plant. 
These  tasks  were  finished  aibout  the  middle  of  February,  1917,  and  the 
investigation  was  resumed. 

The  results  were  wholly  disappointing.  Insulation  did  not  increase 
the  amount  of  treater  liquor  collected.  No  improvement  over  the 
former  tests  was  noted.  The  absence  of  the  granular  carbon  obtainetl 
in  the  earlier  runs  was  attriuutable  to  the  character  of  the  oil,  not  to 
the  process.  However,  the  demonstration  of  the  occurrence  of  free 
capiwn  in  the  vapour  stream  contributed  something  to  our  knowledge 
of  oil  refining.  The  possibility  of  sharpening  the  fractional  cuts  by  the 
use  of  electric  treater  pipes  as  dephlegmators  deserves  immediate  in- 
vestigation. 


WOUK   AT   LOW    TEMI-KHATinr.   lUHTII.I.ATION    HI.WT.    NANAIMl).   WX. 

111  till'  early  sprintr  "f  l!tl",  nii  pxpcriinciitul  plant  was  erected  at 
NanaiiiKi  in  order  to  test,  on  ii  soini-<'on»nii'r<Mal  Hoale,  the  Thoinn* 
protoss  for  low  tcrryporuture  distillution  of  coal.  The  finaiieial  support 
wa*  i>rovidod  by  the  Merritt  CoUiorios,  Ltd.,  through  the  Rood  office!* 
of  Mr.  T.  J.  Smith,  of  Vrtneouvor. 

The  method  involves  heatiiis;  the  retort  hy  means  nf  u  return  cir- 
<"uhition  of  the  itaa  produeed  in  the  pDces.*.  The  gns  is  heated  outside 
the  retort.  In  the  experiment  it  was  passevl  tiiroufjli  heating  eoils 
I)lnecd  in  an  ordinary  fire  box  ur  coni'.iuxvioii  ehaniber.  The  heatt'd  (ras 
was  then  led  into  the  retort,  and  from  the  retort  throuffh  a  liy-prodiiet 
eolle<'tin)f  system  before  returning  to  the  heatinij  coils. 

The  by-produet  eolbx-tinsr  apparatus  consisted  of  an  electrical  pre- 
cipitation treater  pipe,  two  externally-cooled  condensers,  a  scrubber 
filled  with  excelsior,  a  purifying  box  filled  with  chips  saturated  with 
sulphate  of  iron,  and  the  exhauster  for  maintnininj?  the  circulation. 
The  piping  was  so  arranged  that  any  portion  or  all  of  the  gns  could  l>o 
passed  through  the  electrical  treater  pipe  as  it  came  from  the  retort, 
or  from  the  first  condenser  in  which  it  was  partly  cooled.  The  retort 
ti)ok  a  charge  of  about  three  tons.  It  was  found  that  a  maximum 
temperature  of  between  SOfCF.  and  8.'iO°F.  could  be  maintained, 
although  in  siK)ts  it  reached  as  high  as  SSO^F.  The  total  volume  of  gas 
•coming  from  the  retort  while  a  run  was  on,  amounted  to  about  240,000 
cubic  feet  .per  day. 

The  experiment  failed  to  prove  that  the  Thoma«  process  is  com- 
menually  profitable,  although  it  did  not  prove  that  it  is  not. 

Various  causes  led  to  the  discontinuance  of  the  work  after  a  couple 
of  months'  trial.  The  amount  of  money  needed  had  been  very  much 
underestimated,  although  double  the  amount  first  provided  was  ex- 
iwnded.  The  company's  excellent  coking  coal  carried  such  a  high 
percentage  of  volatile  matter  that,  even  at  the  low  temperature  of  dis- 
tillation, it  would  swell  in  the  retort  and  prevent  the  circulation  of  the 
heating  gas.  The  by-product  collecting  apparatus  was  built  out  of  old 
material,  and  could  not  be  made  gas-tight,  with  the  result  that  a  large 
■l»art  of  the  by-products  was  lost.  The  amount  of  light  oil  found  in  the 
collected  tar  was  disappointing. 

The  time  needed  to  distil  a  charge  of  coal  was  greater  than  had  been 
expected,  and  the  heat  needed  to  cause  dest.-uctive  distillation  had  been 
■very  mu<!h  underestimated. 
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Ill  spite  of  the  fttiluro  of  this  piirti.ular  .xixTiiiioiit,  tiic  writer  U 
of  thi!  opinion  tluit  the  Thonia-  pn^..^^  mny  .till  prove  v.iluiilile  in 
»|)n(!inl  cnsos. 

Tho  main  trcatcr  piiM.,  .•l,aiiiii>r  iifpiilis  an.!  upper  insulating 
ehamlHT  of  tile  tr.Mter  piiw  u-.-rl  are  shown  i„  H»f.  Ill,  exerpt  that  the 
niiiplo,*  wero  only  C  inelies  lonjr.  The  lower  insuIatitiB  ehainUr  wiiM  a.-> 
shown  in  fijf.  If,  the  k"'  B'-injr  in  ut  the  hottom  and  out  nt  the  top. 
FFene.',  whih-  the  upper  insulator  was  proteete.l  from  the  deposition  of 
tar.  the  lower  was  eontinnnlly  .-ov.  red  with  tar  ninniiiK  down  from  the 
diseharne  wire.  It  was  intended  that  a  lower  in»uhitor  .•hamlnT,  shown 
in  fitf.  Iir,  would  he  nsed  if  that  shown  in  tiff.  II  proved  to  he  a  failure. 

Hy  arrangements  of  the  valves,  nus  eonld  he  passed  through  je 
trwitor  l)ipe  at  temperatures  from  :!S<»°F.  to  U\OV.,  and  throut'li  this 
^an(^'  it  was  found  that  a  very  non-i-onduetiny  tar  was  produei-d,  Vo 
si;;n  of  failure  of  the  lower  insulator  was  oliservtii,  ulthoii);li,  in  .Mse- 
whore  n  small  amount  of  >ras  was  passt,,!  thr.iujth  the  treater  pipe,  the 
lower  ehamlK-r  would  he  so  ..old  that  a  waxy  deposit  of  tar  oil  with 
l.aratfin  hasp,  as  much  as  a  .(uarter  of  an  in<-li  tl.i.-k,  would  n.lhere  to  it. 
Kven  at  tlie  liij-liest  temperatures  at  whieh  the  khs  was  passed  through 
the  treater  pipe,  as  hijrh  as  '.H»  per  <-ent  of  the  tar  eolhvted  in  the  ^vsteni 
was  e()ll(H'ted  here. 

It  may,  then,  he  eontiilently  -tated  that  eh.<>trieal  preeipitation  ean 
he  iis.'d  for  the  eol'.eetion  of  tar  i)ro(lue..tl  by  the  low-tentperature  dis- 
tillation of  eoal  without  opening  up  the  treater  to  clean  tlio  insulators, 
even  though  the  treater  is  so  eonstrueted  that  tin-  insulators  are  not 
prottvted  from  the  formation  of  tar  upon  their  surfaces. 


'    woitK   (IV   iii:i:iii\r,   com:  ovkv  c^sks. 

In  the  spriiiy:  of  11(17.  arraiiir.nuiits  were  made  with  Mr.  Hewitt, 
of  the  \Vilke,<on  Coal  and  Coke  Company.  Wilkeson,  Wash.,  for  tests 
.Ml  erases  from  one  ..f  their  heehive  .,vens.  The  volatile  content  ..f  their 
eoal  is  considerably  his'lu'r  than  is  n^piired  for  cookinp.  It  was 
thought  prohaWe  that  a  certain  amount  of  by-products  miirht  he  col- 
lected by  spwially  workinir  tjie  ..vens.  It  was  proposed  that,  af.er  the 
oven  had  been  ehaifred  and  air  .idmitted  f.r  a  sufficient  len>rth  of  time 
to  develoj)  coking  tomiwratnres,  the  air  sh.>uld  ho  excluded  for  as  lonp 
a  time  as  practicable  and  th.>  cliarsrc  left  t.i  distil  with  the  heat  ..f  the 
oven. 
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ho  tnul  fuiaxl  bocnuHc.  .,i  a  fa.-t  that  h.,d  ,,.,t  b«,n  .u.ticipHfed. 
AuHly...*  of  the  uas  vonuug  from  the  oven.  whil,.  the  air  wan  oxoluded 
Hlmrnvl  tl,e  pro.om-.,  of  mx-h  larjro  proportion,  of  nitro^on  that  it  was 
.•vul.M.t  that  rnouffh  air  iK-nrtratwl  tho  wall,  and  In-ttom  of  th.-  ov..n  to 
K-n..r«to  producer  ga..  It  can  be  »een  that  partial  oombu.tion.  and  the 
v.r.v  h.Kl.  ton.p.T«ture  in  th,.  upper  part  of  the  ovo.i  above  the  olmrKe 
wouh!  d.^troy  n.o,t  of  the  tar  and  ammonia.  X,,  measurements  of  the 
..mount  of  amn.oni,.  i„  the  k«»  were  made,  btvau.e  it  was  evident  from 
the  eharneu.r  „f  the  tar  r,vover«|  that  most  of  the  ammonia  wouhl  In- 
thus  destroyed. 

An  oimn  treater  pi.K..  with  the  insulators  outsid.-.  was  uml  provision- 
:illy.     It  was  to  be  replaci^J  with  a  ehweil  pipe  of  ty,H-,  I    II  jr  III 
-houkl  results  warrant  it.     With  this  pipe  the  ff,.s  could  be'eleaned    aJ 
shown  by  ...uiar  demonstration:  but  the  problems  of  insulation,  wh'ich 
..re  the  eh..^  ditfi.-ulty.  eould  not  Jh-  studi..,!.     Tarry  nmterial.  ran^inir 
tr....,       very  thmk  tar  to  carbon  with    a  small   content   of   pitch     was 
.•ollc.ted  ..t  different  times  durin«  the  run.    The  most  fluid  tar  obtained 
hml  a  carbon  content  of  about  4(.  per  ..cnt:  while  that  produc.i  during 
tm,  latest  sta^^cs  of  the  run.  when  the  oven  an.l  the  upin-r  portion  of  the 
-•harffe  wer.>  at  their  hottest.  containe<l  as  much  as  !>0  ,„.,•  c.Mit    of  free 
-mrbon.     Tins  ,Iid  not  run  off  the  treater  pipe  or  central  ehvtrode.  but 
p.tbered  as  a  ku.d  of  six>nRy  mass  that  completely  filled  the  pipe  in  a 
eomparatively  nhort  time.     It  had  the  appearance  of  ordinnrv  soot   but 
.ould  be  melted  i.ito  a  pitch  which  cracked  open  rather  than  flowed 
cvoti  when  warm.  ' 

It  would  Ik.  ahnost  impo^sil,!,.  t.,  u«.  el,x.tri..al  precipitation  to  collcet 
tins  carl«n.  A  small  water-spray  condenser  was  ripj,e,l  up,  and  it  was 
lound  that,  with  th,.  lowering  of  the  ten.perature.  most  of  the  free  carbon 
smoke  present  in  the  Ras  eould  bo  washed  out.  In  these  circnn.sf.noes 
the  smoke  rema.ninp  in  the  gas  wn.s  predominantly  tar  fog  which  prob- 
ably cn.l.l  1,,.  satisfactorily  collected  by  electrical  precipitation,  giving 
a  clean  producer  gas  for  further  use. 

ft  was  found  that  the  opening  in  the  do,.r  of  the  oven  eould  be  closed 
at  n.tervals  for  a  considerable  portion  of  the  run  without  lengthenine 
the  ,y,k,ng  period,  or  interfering^  with  the  quality  of  the  coke;  but  it  is 
nnposs.ble  to  say  ,.:,ether  this  would  apply  to  an  oven  that  was  air  tight 

rhe  tr.al  f,ave  only  n-.^ative  results,  thou.^h  it  was  pron.isi,,^  enough 
to  justify  further  investigation. 
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WOHK  i.\   in-l'HKKUT  I    IKK  OVKN  IIAUKK. 

hx  thp  nutumn  of  1917.  fl„.  H.^^uvh  Council  «   ulrrtook  to  (.iii>port 
tlm  ooiitinuiinoe  of  tlii.i  iiivf!.ti»fati..>i  iti  tlio  one  ninjor  Hol.l  whore  no 

oxpi'rinients  hiul  Imm'h  inii«l<>.  iinnioly.  tl; Ilootion  of  far  from  '     pr..- 

iluot  coke  «ii!«..<.  It  wiw  lul'  ;<iiMo  <liat  work  -iipporto.!  h.v  thp  HiM.nr«-h 
(JouihmI  l>f>  done  iti  Cana.hi.  This  luirrow.d  the  loputinii  ,,f  tho  work 
to  one  of  two  Cumulinn  plnntx.  nnmoly,  those  nt  Satilt  Sto.  Mario,  Otit.. 
and  nt  Sydnr.v,  X.S.  M-.-t  salisfaof,,r.N  arrniijromoots  woio  ma-I..  f,.r  tho 
purimsH)  nt  the  foriiior  of  tho-c  plants. 

Siitr   ini    lliiiintiliirt   Ori;!    Priufiir. 

Tho  h,v-priMlu.-i  ivilxc  ,,voii  ,-(.ii-i>ts  of  an  ov.-n  ohartt.'.l  with  c.il  „n,l 
iioatod  oxtornally  to  a  hicli  inHU^-^li  toiiip.raturo  to  (fivo  n  niotaliur-i.Ml 
^•oko  without  tho  adini-ioti  of  air  to  tho  ovens.     Adinisi^ion  of  air. 
throuffh  ioaka^'o  or  otiicrwiso,  involvo.s  tho  hurnintr  ..r  ora.'kinp  of  tar 
and  the  dostru.'tion  ..f  the  aininuniu  hy-produ.-t.     Tho  j;as  from  tlio  coal, 
with  it.s  land  of  ammonia  and  of  sn^iH^ndod  tar  fojr,  is  lod  from  oa.-li  ovon 
into  a  colitvtinjt  mi.in  and  from  tiiis  into  a  liy-prodn.-t  nN'ov.ry  lioiiso. 
JModorn  ovens  aro  huilt   in  hanks,  with  iuatiiiK  cliamhiTs  an<l   flues 
holow  and  iwtwcon  tiio  ovens.     Ovens  may  he  of  any  width  that  trives  a 
practieahle  coking  time,   though   recent   prni'tioe  fix.w  the  limit  some- 
where between  1"  and  ^M  inclas.  -ivii":  a  rokini;  period  "f  fmm  eit'lite.n 
to  twenty-four  hours.     Tlie  tempi      ture  of  tiie  lieatin^'  riiie-.  is  reifulnted 
to  Kive  u  coke  stronjj  enouirli   for  metallurgical   purposes;   2,200 '  !•'.    i-c 
ordinarily   taken  as   tlio  stanchir  1   tcm|M'ratiirc.     The  colLvtinij   mains 
must  l>o  Hu>ii.'d  with  tar  or  with  a  mixture  of  tar  and  ammonia  liquor,  in 
.)rder  to   prevent  the    deixwitiou   of   pitch   from   the   hot  tra-cs.     Thi> 
problem  of  k.t^ping  the  mains  ch'ar  is  one  of  tho  chief  ditficultii's  to  lie 
contended   with.     By-product  <'okc   ovens  yield   from   i;    to   7    Imperial 
!,'nnons  of  tar,  and  from  I'l)  t,,  i'2  [M.unds  of  ammotiium  Milphatc  per  ton 
of  coal. 

I!i/-jii(iiiiii  {  Ilfconri/  I'liiiits. 

By-product  recovery  jilants  are  of  two  general  classes  namely,  thosi^ 
in  which  nil  the  ammonia  is  recovered  from  tlie  gas  dissolved  in  water, 
and  those  in  which  it  is  carried  by  the  pas  into  contact  witli  a  solution 
of  sulphuric  acid,  with  whicli  it  combines  to  form  ammonium  sulphate. 
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Th.    lat...r    ;.rc.   ....IIo,l    .lir.H.fpr.K....,    ro..,v..r.v    pi.,.,.     IU.,h    ..f    ,h, 

"""'' ;'"';'^"-  "f  "'"  '"t'-  ^1-.  un.l  it t......  th.t  .„u.l  „1 

I'.'  ox|-.-t.Hl  of  ,.l«.tri..al  procipitatiou.  ^ 

A.  p<.in,..d  out  al.,v...  the  „a.  ,..,„.in„  fron.  the  ov..„,  „,u.t  l«  o„oM 

"  a  t..„,,H.ratur..  of  npproxi.nnt.-Iy  IO»"F.  to  ..r.nit  „f  „..,  .-x^raoti"   „1 

0    a    ...  the  ...hod.  in  „.,     Cooii..,  i..>..lv..  th«  ..nd..„J         7.' 

Han  ,„nount  of  wat...     In  tho  fi.t  .I f  p,.,...  „.ontion.|  .Uve  « 

ulrfKr-  .,..,„  „|»ori.  uU  tl„,  ..nunonin  from  tiu-  «„..     In  M„-h  plants 

W       ..r  nnunon.a  ..at.,  for  .„...,„....  pur, Tl hantn..,       "' 

<k>rivp.|  from  ,1„.„,  „.ill  „p,„.„r  h.t.-r. 

/fiifci  I'rorfHH  Ammonm  h'rror.ri,  Planh. 
Hef..r..n.-e  to  fi^   IV  will  Kiv..  «  p-noral  i,U.„  of  tho  oon..ru,.,ion  and 
arranK..n...nt  of  a  d.r....t,,ro...«  „„.,„„„i„  rcvovory  plant.     Tho  H^r 

on„fa<.tnreof  H,-,.ro,h,..t  Co...."  pr.ont.d  ...for',  tho  wl      .L^  ^ 
:'    '"•"' -•  •  '•"■I-  ".    H)l.i.     The  ,a,  ...„n..  fron,  tl„.  ov  ,  .^^ 

r.j'-.0* (';■'''"''■'''/''  '•"■*"•  "'"  '-"I-->ture  to  about  40»C.. 
l'""«  .    "O  (  .  .s  nuK-h  more  do.irahl.  if  it  „„»  bo  attained.     The  con 

"'tl    a  ...n.,d..  al.l..  anu.unt  of  vory  dirty  a.nmo„i„  |i„uor.     As  the  «as 

:?'"  .'^'^  ^' "•'-  >•■•"••'-'">■  "»  oi  the  tur  iH  ..„,Je„.ei  t.  fo,  ,.a    lie 

Coohn,  ..  noce.s.ary  for  the  reason  that  it  i.  imp...-hle  to  eo  e!      ^ 
(og  I.y  nMvhan.euI  means  at  suoh  tenuKTatur.^s 

The  ten,H.rat„re  of  the  Ka.  a«  it  roach.,  the  ov..„.s  i.  „,..  ,,..,  „„;.,, 
-    tl...  «at..r  vapour  .•ontai.uxl;  hut  .-oolin^r  to  40  C    l,rin.r    if 
aMy  lc.o.  thi«  point.  invoU  in.  it „.„..,„..  i.^l^  :;     ,'  ^  ^r 

file  tar  m  tlu>  tar  oxtrai'tors.  .»  "nn 

All  of  this  eondensal.l..  n.att.T  .o..s  to  the  annn,.nia-li,„,or    uul  t..r 
..parat.n.  tanks.     The  an.n.onia  is  partly  in  the  forn.  o  ,     i  .  'Jf 

:::::::.:"  :r:::;;;;;r:^:;:;r::'::;rr^ 

reniauuier,  or      h.xe.l      ammonia,  must  he 
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r..movc.l  l,v  (li.plHnrmont  with  li,n...     Tli.^  ,.i„„>,M.i.,  vrtp.,ur  .Irivm  from 
the  I.MUur  .,.  th.  *till  ,n„y  i„.  ....rn-,|  Iw.-k  mt„  ,i  ..  .ir.,.„.  .,,■  ^,„  ,a  „„v 

'"""/•  ""*  " •**'•'•">•  '"  "  l-i>'t  1"  '»'-n  'I.-  .V  I,....     .  ..M.l  fh-  .aturntor 

in  ■•liowii  ill  th«>  Hjriiri'. 

The    f,iii..ti.„.    of    ih..    r..|».Ml.T    is    u    MMlt-r   of  ,tr,.v.r.v       IV  • 

-unml.Iy  it  i.  i,it..„J,.,l  ,„  ,„..,,„t  „, ,.|.,„,„i„„  ,„■  „^„. ,.  ^^;,^,,,^  ,,, 

the  -atuntur;  lhou«h  it  i.  i„,t  el-nr  .l,„t  .l,i.  i.  i„...,...nrv.  |...,„„„  ,|,., 
hcnt  of  .-omhrnHtioii   „f   aimn..„|,,   „,„1   ,„l|.hMri..   n.-i-l    I-    MiftLMrnf    tu 

keep  the  teniKTHtur '  tl .tunitnr  well  ;,lH.ve  .!,..  t.„„N  rature  „t    the 

KU,  p„.Miitf  throii^M.  it.  l-ull  .l...,.,.i„u.,„.  „,•  „ieh  a  plMiif.  parti-ularly 
nf  the  aetioM  ,.I  the  .,,t,„atnr  «•;,!.  it.  ee„trifu«al  .Iri.T.  may  he  ea.ilv 
nhtailipil  l.y  tiio^e  intiTt ili.l. 

Ki.Ki  riiK  w.  PiiK.  11-11  \ rid-.   »\i.  i.iMK<  r  i'ii..<i>m  ciANrv 

It  «a,  thouKht  at  tl„.  ,im,.  ,1,0  ex|N-rin,eufs  ^u^r lertak.  u  that  a 

mark-l  minplitleatim,  „C  the  expensive  ,tan.h.r.l  .•.,uipmeiit  nii^ht  he 
.n»,le  ix«.,l,|e  threuKh  the  MS.,  of  elec-tri^al  pnvipitntioii.  The  re,„lt. 
-Low  that  tlH..e  e>t,..,.tMti.„m  wore  jii.tiHe.l.  The  chief  e.,„ip„,.„t  in 
the  hy-pr...Iuet  ho„^.  „,h..I  eoii.int  onl.v  „f  a,,  eloetri.-al  treater  !„.(., Ma- 

Unn.  the  exlmii-ter.  an.J  the  satiirator;   tiuis  replaein^  ,1,,,  , !„r.    ,,!• 

extrnetor*.  and  re-henter«  l.v  the  troat.r  p s.     It  is  oon-i.len.l  pri.et,. 

euhlc  hy  tho  writer  t.,  insulate  the  treater  pipes  .,m,|  pivvnt  ih.. 
eollcotinn  of  any  water  whatever  with  the  f„r.  all  the  uat.r  vap..ui 
IKi^MtXi:  with  th,.  aras  throiwh  the  .aturator  without  eo.nlen.ation.  If 
tho  heat  of  thr  c-heniieal  naefl,,  ,   ,,1   fli-  «aturat..r   i,   not    -ofIi,.i,.„,   to 

I""*'^''^''"   •' Mh'nsntioii  of  w.ucr  vapour  at   ihl-    p,,int.   it   is  p,,sMl,l,. 

to  raise  the  t,ni|HTaturo  a  few  ,hrr-.~.  l.v.  for  ,  ,ni|,le.  the  „-.•  of  ., 
few  .-itoaiii  <'oils. 

in  the  oxiK^rinientN  reronl,  ,1  inter  m.  ;,tt.  nipt  '.,,.  nia.lo  to  ln.,ilat.' 
th..  main  treater  pipe?,  with  the  r.-^iilt  that  a  >inal!  an  omt  .,f  annnoni  , 
li.iwor  f..rnie.I  in  oontart  with  tho  piin.  an.l  ran  out  with  the  pn^-ii,itatc,| 
far.  th..iu.'h  the  averajro  temperature  of  tho  gus  r.  ,,ain...]  ,li-tin,tN 
ahove  the  .lew  point  of  the  w.;ter  vapour,  Thi^  ^tnall  i.,,rtin„  .,f 
aniinonia  would  -o  with  the  tar  to  a  .tora-e  tank;  hut  as  there  wouM 
not  he  <uffi.-i,nt  of  thi<  liquor  in  the  mains  to  tlow,  clear  water  w..nl,I 
Ik.vc  to  he  intro.ineed  t,,  a«ist  in  tho  tlinhinur.  Hence  tho  ammonia 
!!<luor  -toratre  tank*  conhl  he  tnade  ver>'  much  >malIor.  and  th,. 
ammonia  .»tills.  with  their  auxiliary  ofiuipinont,  eliminated  nlfoffether. 
Su.-h  a  n.rov..ry  plant  w,.u!d  l.o  very  nmeh  simpl.T  in  in  .fallati..n., 
!"  ration,  and   renewal  costs  than  those  at  present  u?ed. 


.! 


•■in.iit 


ovvrimi    Work-  at  S.iuU  ,St,:  M<,ri. 


(■ou„c.il  afrr.0,1  to  me,"t  the  neces^arj-  outlu  'l  ,'"  "'' 

..pparatus  had  to  be  pur.-hased     he  ^;     "  i  .  ff  •  "  -''-'"''"""'"  '"' 
writer,    or    loaned    by    the    WoT       T      '  '"*'  '"^'P"''''  ^^  *'"^ 

ti.ken  in  the  work  bv  Mr  Fern  k,   «         ■         ^'^I" •"•-'^<'  "'  *!"•  -nten-st 

l.v   Vr    n  ,  ioni.lor,  .Sup<T,ntondent  of  the  Coke  Oven.- 

y  Mr.  Duncan,  h,.  eonsuUinj,  en^nneer;   n„d  b,v  Mr.   Sovnun.r    A  / 

i'orn.er's  .ueces.or,  who  was  in  offiee  for  the  last  few  ^.^^^Z'J^. 

Position  of  Treat,;-  rip,,  in  Plant. 

The   by-product   house   at   Sault    Sle     M.,ri»   ,.„„,   • 

^'o   mto  nmin    hea.  .rs.     There  are   no   valve.     „r  1     ^  ""'' 

sivo  „,  ,„„,!  service  „  ,w„  „,  ,h,ee.  """■'°'"  ~"''' 

Without  goinff  into  details,  it  muv  !«>  -t...,.,i  n    .   -, 

i«n.-«e  ,„  d..i«, .  p,.„  b,  ;i.ioi, .  ,il  1.  f  I "" '"":' 

:  r;;r  T"V'°, "°"" «-  ""■'  ^»'»°  "---o°  t°s:.r ; 

by  itself.    Accordingly,  pas  was  tnkon  f..„,«  ♦!  •  iJ^<-ainient 

out  period  of  about  six  hours  once  a  week)    arfrZfh        T""'"^ 

». ..» .... .  .--rr;r;:r;iiL";tr;:tef^ 
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the  eff.vi  „n  tlu-  iippearanou  .,f  aninmniuiu  sulphate  produced  from  «,„ 
that  had  been  <l,.-tarrcd  without  lowriuff  tho  tcniperatur..;  l,„t  il  -uv 
the  compensafnp  advantage  of  ^.naUinp  us  t.  .letern.ine  tUr  rth-rf  „n 
ammonia  water  colleeted  in  tlie  <-(),)I,-. 


CniiiVilloi    I 
For  some  time  the  oveii>  at  Saiu' 


'r.'/i-v. 


!■.; 


...  l"'en  m  very  l)ii(l 

condition.  This  has  U,  n  .lue  to  various  causes.  I.ut  principallv  t„ 
poor  kbour  and  to  the  <.verwhelminf;  d.-mand  for  ,-oke  tor  iron  -lud 
steel  production.  In  k.-epin^  the  ovens  at  their  ma.ximu.n  ,oke  eap-,- 
city,  the  by-product  output  was  necessarily  .sacrirt<-,d  to  a  eonsidcrahle 
extent.  The  oven  beeame  m,.r..  and  more  leaky,  and  the  mains  were 
closrscd  with  pitcli.  The  pipes  a.id  valves  from  the  ovens  to  the 
colkx-tniR  chamber  wre  al,o  in  very  bad  s'lapc.  The  suction  in  M,me 
of  the  oven.s  was  .so  reduced  as  to  cause  e,.n4ant  partial  combustion  'of 
the  by-i.roducts,  wliieh  was  c-ontinually  ag^rravated  bv  tires  i„  the 
mains.  The  amount  of  air  that  found  its  way  into  the  system  is  in.li 
cated  by  the  fact  that  the  gas  containixl  much  ni,.re  than  twice  as  much 
nitrogen  as  would  be  found  in  g,,,  from  a  plant  working  in  what  wouM 
ordinarily  be  considered  the  worst  sha{)o. 

These  conditions  were  canvassed  thorouglily  lK>f,.re  the  e.speri.nent 
was  begun,  and,  ind.vd,  forme<l  an  added  inducement  as  suc.-ess  here 
would  assuredly  mean  success  at  other  plants  not  so  heavily  i,andi- 
capped.  However,  the  obstacles  in  the  path  were  hy  ,k.  means  appre- 
ciated until  near  the  close  of  the  work.  During  the  last  few  days  of 
the  e-xperimeiit,  a  .new  main  was  ir,sfa!led  oti  one  of  tho  two  banks  of 
ovens.  The  investigation  was  dis.-ontinued  In-eau^.  of  the  constnu-tion 
of  rwenty-five  new  ovens. 


I'owcr. 

After  the  trcater  had  been  installed,  and  the  work  started,  it  was 
discovered  that  the  supply  of  power  was  inad(><iuate.  Current  was 
obtained,  not  from  the  plant,  but  from  the  wires  of  the  (ireat  J.akes 
Power  Company.  The  supply  line  also  fed  a  number  of  motors  in 
neighl)ouring  plants,  and  could  not  b.'  dependetl  upon  for  regular  ser- 
vice. The  line  voltage  was  led  direi-tly  to  the  high  ,»tontial  trans- 
former, and  the  rectifier  on  the  high  ix.tential  line  was  operated  by  a 
synchronous  motor. 
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If  was  „oce.sa,-y  t,.  u.aintai,,  tl,-  „„t.M.,ial  of  the  dis.l,,,-^,-  ..le..trode 
u.,,.  treat.  p,po  ..,..,,  „.  ,„„.  ,,  ,„  ^,.^  ^,  „,,,,,„,: 

re  to  the  p.i,e.  As  tl,e  v„lt,.«e  kept  dropping.  fr„„,  tin.e  t„  tin,e 
through  as  nnu.h  a,  ■>:,  ,„.,.  ..,„„  „,  ;,,  ,„,„.„„.„^_  ,„^,., 
-uM  not  be  ,„a.n,a.ne.l.  He,.....,,  .as  sou.ht  in  tl.o  en,,lo,n„„t  of 
tl.e  motor-generator-reet.tier  set  ordinarily  use,l  in  ,l„.  C.ttn.ll  p,-,,. 
cess  Tins  U  was  tound.  follow...!  the  fn.iuene.v  and  not  ti.e  vol,,...  „f 
the  hno.  At  about  the  tin.e  this  set  was  rea.ly  for  „...  „ne  ot'  the 
«eneratn.g  station,  of  the  Po.er  Company  burne.I  d,.vn.  The 
remainder  of  the  plant  was  ov,.rloaded  and  irre,.„lar  in  its  op..r„tion' 
durnM,  the  remainder  of  the  experinu.nt.  This  indneed  -o  'nvu  ■. 
varuitton  in  freqneney  that  we  had  to  .vsort  to  hand  re.nlati,:,  .W.en 
;;::"""   "'  ''''    ^''^""^•'    "-    ^—    ""-   ^'PP-"-ln.I    nK,xin,um 


Pn-'lpitation   l'li<'nnmr„(i. 

No  attempt  at   a   ehron„l„^i..al   re.-ord  of  work  r  rforuu.!.   n„r  ,1..- 
ta.led  desenpfon  ot  phenon.ena  observed,  will  he  made  in  fhi.  n.port 
Attention   will   be  confined   to    indieatin^   ,he  ,..„eral   rc^ulN   „f   the 
n,n>l.oation  of  eleetrieal  preeipitation  to  the  .le-tnrrin.   of  .,ve„   ...ses 
The  treater   pipe    upper   and   lower   nipples,   and    upper    insJhuor 
chamber,  as  shown   in   fig.   Ill,   „,.„.    ,„,d   throughout   the   work       V 
lower   insulator  box,   similar  to   that   shown    in   tl..    II    was   .,ive,i    ,"„ 
initial  trial.     Previous  axperienee  showed  that   the  diffieulties'of  {„«'- 
lation  increase,  either  with  the  temperature  of  distillation  or  with  the 
amounts  ot  free  carbon  or  pitch  in  rh..  tar  eollected.     When  temper.,- 
tnre_s  of  distillation  are  low.  the.v  is  no  evidence  ti.at  insulat.,,-    .e.^d 
specn.    periodical  cleaning;   but  cleanin-^  was   foun.l  necessarv   i„   „,. 
tr.m  honzonta    retorts,  or  from  water  gas  plants  where  t,..npor..m,;:: 
are  lower  than  those  in  by-product  coke  oven  plants 

The  free  carbon  in  coke-oven   tar  varies  greatly,  bu,   i„  ,,„„,,,   ;, 
lower  than    hat  found  i„  horizontal  retort  tar;  although  the  .roportio 

oOO  to  600  I  above  that  obtaining  in  horizontal-retort  pr„eti,.e  In 
the  lower  insulator  chamber,  shown  in  ti..  If,  the  insuhito  is  oon'tinu 
n  ly  covere     with  a  layer  of  tar  running  down  it.  surface  fro  i  tl        il" 

""^:;rtk  ;i:r,:;;i'":r  i::^^^"-  -rf-'  --- 


<ie»fTilio(l   iu>ovo. 


Aftf 


lUffl 


1   iiiVc.-.ti(.'atioii,   It    WHS 


iided  that 


tlio  t;ir  in  this  iiliiiit   i<  .'1   sui-li  a  liaturo  tliat  tht!  insuhitors  must 


|)n)tccteil   i'rotii    (IciHisitinii 


)m])lft<'lv 


as    iHjssiblc. 


1. 


wiT  lu^ul.itdr  I 


hanilx 


shown   in   ti^r.   HI, 


)rk  procecilcd  with, 


insKkTanic  won 


Is  ildiii'  on  the  t'ailurt'  and 


Afcoi'dinffly,    a 
[istaUod  and  tlie 


rocMvcry  of 


tho  ([uartz  insuhitor.  It  was  Cmnd  that  this  iihcnoinciuiti  always 
m-curnJ  whirl  warm  tari->-  >,ms  was  admitted  to  a  coW  trcator.  Tli. 
oiitstandintr  <'asc  wa-  that  in  whii'h  tlie  oiiiTcnt  was  runninfj  with 
IK.'rfict  iii-ulation  in  cohl  I'h'an  was  whi'ii  thi?  warm  tarry  jias  was 
admittod.  Tho  insulation  htx'amt-  very  jMiiir  immediately,  and  then 
recuveri-d  slowly  during  an  hour  or  more.  It  was  tinally  discovered 
that  the  insulation  would  n-main  pert'eet  if  the  insulator  wore  warm 
when  the  warm  tarry  f;as  was  admitted.  This  discovery  removes  the 
only  jrrave  weakness  that  had  he»'n  found  in  the  earlier  work.  It  seems 
prohable  that  the  condensation  of  tar  and  water  on  the  cold  insulat4ir 
ijives  a  partially  eonductinjr  layi>r  which  may  be  destroyed  gradually 
hy  the  leaka^re  of  eh-ctricity  which   it  <'auses. 

This  was  the  first  time  that  the  cleaninii-  nipjiles  and  lower  insulator 
chamber,  as  shown  in  fiy.  Ill,  had  been  used.  When  operating  condi- 
tions were  such  that  the  de-tarrinjr  was  satisfactory,  a  new  phenomenon 
developed.  At  vaoinjj'  intervals  of  an  hour  or  more  there  would  occur 
sudden    increases   of   current.  rapanied   hy   noises    in   the   re»,'tifier. 

This  was  found  to  l>e  due  t  sation  of  water  on  the  insulators, 

Kivinsr  a  conducting.'  surface  destroyed  quickly  hy  the  heat  of 

the  tlashinir  electrical  discliarji  across  it.  My  far  the  greater  ainount 
of  condensation  takes  place  on  the  walls  of  the  tr.-ater  inpc,  but  there 
is  a  yradnal  deposition  i>n  the  insulator  as  it  cools  when  removeil  from 
the  main  stream  of  gas.  as  in  this  type  of  tri.„ter  pii>e.  Presumably 
this  would  not  take  place  if  the  temperature  of  the  gas  were  a  little 
farther  removed  from  the  dew  i>oint  of  water  vaix)ur.  The  "flashing" 
can  be  eliminate<l  by  an  occasional  heating  of  the  insulator.  To 
accomplish  this,  the  insulator  <h-  rs  are  surrounded  by  a  coil 
through  which  a  suuill  quantity  ot  steam  can  be  passed.  The  slight 
difference  of  temperature  between  the  steam  and  the  gas  causes  suffi- 
cient heating  of  the  insulator. 

Wliether  this  result  would  obtain  with  other  moist  gases  with  this 
type  of  treater  is  not  known;  it  was  not  oibserved  in  previous  work  on 
other  gases  with  treat(jrs  of  types  I  and  II.     Attempts  were  made  to 
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l«er         .ft','        """■'  """'''  ™"""  •"  -<"■-  "J  ■■»'  i"  . 

..p,.nr:;::.l'r,  r  Nr"„;:;;r  ':;t  ":  -'" "  '*■ 

offerfd      BnVht  .t»  i  ,  expinnntion    of    the    phononienon    is 

It  had  boen  hoped  that  l.y  th.  use  of  this  type  of  treater,  i„s„l.,tor« 
w  uld  ,n-e  continuous  service  for  an  indefinite  tin,e  without  ;„! 
rh.s  was  ach.eved  so  far  as  the  tar  fo,  it.eif  i.  <„„eemed.  A.  h^Ito'r 

ajer  of  tar  on  ,t,  surface;  but  a  difficulty  still  remained.  After  a 
few  hour,  runn.n..  a  li.ht,  uniform  layer  of  dry  carbon  was  fou  7o, 

he  .n^ula^rs      I„  „  short  time  this  brought  about  a  lo..  of  cu  re. 

nd  a  gradual  recove:^  to  normal.  fter  this  rise  and  fall  had  oo  -' 
tmued  for  some  t.:.e,  the  carbon  layer  became  cros.sed  in  all  dirl LI 
by  a  net  work  of  hne  lines.     The  periods  of  increase  and  decreased    ed 

of  the  ovens  dunntr  the  installation  of  the  new  collecting,  mains      It 

.n:;.:::  ^''--^  -""'^  ^^ — ^'-  ^^^^i-  of  ...bon  on  z 

It  is  to  be  noted  tlu^t  carbon  smoke  is  about  the  most  difficult  sub- 

«h  1st  ar  fog  .s  amongst  the  easiest.  The  writer  doubts  if  any  typ<^ 
of  treater  would  entirely  eliminate  the  carbon  trouble  when  operaln^ 
on  such  gas  as  was  handled  at  Sault  Ste.  Marie.  Such  a  .le^  it^^: 
not  found  in  any  instance  previously. 

The  following  explanation  of  the  phenomenon  is  offered.     Temper-,- 
tures  up  to  those  obtained  in  city  gas  plants  are  not  high  euoug^to 

nto  free  carbon  and  gas;  though  the  fog  particles  may  be  decomposed 
mto  particles  of  pitch  containing  a  large  proportion  of  free  carbl^ 
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It  was  not  dctfrniinrd  wliotlier  at  tcniiuTatiinM  attained  in  a  coko 
ovoii,  tliocrackiii(f  «(  the  tar  fo^' particles  into  tlioclemont- carlvin  and 
hydrogen,  would  occiir.  It  is  obvious,  however,  that  fire  in  an  oven  or 
main  would  induoe  only  inooinipleto  eoinbustion  of  the  tar,  and  would 
leave  large  proiH.rtions  of  >oot  suspended  in  the  v'as.  It  is  doubtful  if 
these  particles  uf  soot,  as  distinct  from  tar  or  pitch,  would  ho  found 
in  gas  from  ovens  working  normally. 

After  several  unsuccessful  attempts  to  prevent  the  deimsition  of 
i-arbon,  or  to  devise  a  means  of  flushing  it  off  with  light  >il,  it  was 
decided  that  the  insulator  must  bo  cleaned  periodically  by  wiping  or 
burning.  The  insulators  used  have  the  usual  rough  surfa«;s  found  on 
silica  combustion  tubes.  From  those  pitted  surfaces  it  was  inii>ossiblc 
to  remove  the  carbon  exci«i)t  by  burning.  At  our  suggestion  the  manu- 
facturers undertook  to  glaze  the  surface  of  the  quartz  insulotors.  The 
two  tubes,  obtained  before  the  work  had  to  close,  exhibited  pitted 
.surfaces  in  spots  where  the  glazing  had  been  imperfect.  Nevertheless, 
it  was  possible  to  demonstrate  that  the  glazed  surface  will  give  satis- 
faction. From  such  a  glazed  quartz  surface  the  carbon  can  be  reniov(>d 
by  rubbing  with  an  oiled  rag,  if  tliis  is  not  delayed  until  the  current  ha- 
begun  t-o  dis<-hnrge  over  it.  It  might  also  be  possible  to  <-lcan  the 
insulator  without  oiiening  the  duimber,  by  using  a  wiper  on  the  .-nd  of 
a  rod  pa.ssing  through  a  gland  in  the  wall.  In  any  case  no  arduous 
attendance  is  rj'Kiuired  and,  in  all  probability,  cleaning  would  bi- 
necessary  less  than  once  a  shift. 


TrcatiT  Caparitij. 

As  iminteil  out  above,  the  volume  of  gas  that  can  be  cleaned  in  the 
treater  is  limited  by  the  free  cari)ou  particles  carried,  and  not  by  the  tar 
fog.  "Pounding"  of  the  exhauster  occurs  before  the  treater  eaiMicity 
for  tar  precipitation  has  been  reached. 

The  only  available  method  of  measuring  the  gas  was  by  means  of 
a  Pitot  tube  in  the  pipe  leading  from  the  treater  to  the  cooler.  No 
such  measurements  in  small  pipes  ar(>  veiy  accurate;  but  in  this  ciiso 
they  were  made  more  difficult  by  the  pulsations  of  the  exhauster.  How- 
ever, it  was  definitely  shomi  that  only  a  sviaU  quantity  of  free  carbon, 
and  practically  no  tar,  woidd  be  left  in  ga.s  that  had  passed  through  the 
pilie  at  as  high  a  rate  as  -t:5  linear  feet  per  second.  Disregarding  the 
water  vapour  content,  this  implied  a  capacity  of  one  and  one-half 
million  feet  of  gas  at  W  F.  per  d«y.     As  there  is  no  meter  in  t'he  plant 
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t..  iura,ure  tl,..  total  ^^,-  |,r,Mlii,ti..u,  an.l  no  main  Img  .-aoutfl.  to  u'ivc 
-iti.^la.tor.v  I'itut  till...  nadin^'.,  it  wa.  itni.ra<-ii.'al.l,.  t„  do  „,„r,.  than 
■    -nniate  tl».  nn,  handU^l  l,.v  tiu-  nunilnT  of  tons  of  wal  use,!  p...-  duv 
An  ui.i.r,.xnnate  i-h,.„k.  al>o.  was  ol,tain..i  fnm.  .•o,n|.arin,r  tho  toti.l  tar 
IToducfl  witli  that  ..oll....t...l  in  ti...  tn-at.r.     A>M,nnn^'  tliat  .M»  ,„>,■  ..-ent. 

••I  tlu-t,.tal  tar  c-onics  down  in  the  coll.vtinv' main,  th,-  rat.-  of  tai 11,.- 

i|".  in  tla-  triMt.r  in,li..at.d  that  it.  th..  treator,  wouhl  sati,tn,torilv 
■lean  the  ^ms  prodn.vd  from  hotwocn  \m  an,l  li.l  tons  of  .'oal  (ht  dav 
lakin^'  1.500,00..  ..„l,i..  f...t  as  the  total  >,as  volum...  thi.  ni.-ans  a  pro- 
<!uetiou  of  l,..t«ven  12.-,<K>  and  J.-,.OW  ,.uhie  f,.,.t  of  ^.a,  ,„.r  ton  of  .-oa! 
ill  tlw  ovens.  AvoraK<'  Kii.s  niiubses  indieate  that  this  i>  ai.proximat.'lv 
'•  >rr.vt.     Jt  is  not  to  be  m-onnnended  that  any  installation  should  U- 

MUHle  :n  whi,-h  ,.ael>  i.i,H>  is  reijuinrd  to  handle  more  than  a  Ii,.n  leet 

iMT  day. 

Filtration  m..asurem..nts  wer.>  made  t,>  determin.-  the  p,-r.vnta«.. 
'■'KeuMi,.,-  of  tlu-  ehaninK.  as  eompar.-.l  witli  that  ^nv.-n  l.v  tiie  tar 
.xtra.'tors  of  th,-  plant;  takinfj  two  milll-r„mine*  of  .'arlH.n  i,er  euhie 
I'ot  ot  jriis  as  a  satisfa.'tor.v  maximum,  it  was  found  that  «>i»s  fn.m  the 
treated  <  jutaine.l  from  one  to  three  millii.'ramrae.s  per  .■ui.i.-  foot.  whiNt 
^-..s  from  the  outlet  ,,f  the  iar  ,-xtrHCtor.s  ,sh,nvfd  from  eifcO.t  t..  ninet.H-n 
miilipMrnnies  jmi   cuhi,-  foot. 

Cliiiraclir  of  ll/l-iiioiliirl.t  Collirh'd. 

The  Jiquor  eolkvted  in  tlie  tn«ter  eonsisted  of  tur  at  approximatelv 
-'.-.  l.er  eent  Water.  Tlie  amount  of  vvter  thus  e.dkvted  eonl.l  he 
r.'du,-ed,  or  possibly  eliminatwl,  by  insulating  the  fvater  pi|H..  as  the 
u-as  wa.s  well  above  the  temperature  at  which  the  water  vapour  present 
would  saturate  it.  After  .settling,  the  tar  contain,^!  about  Ta  p,.r  e.-nt 
of  water. 

The  li;.ht-oil  eontent  of  the  tar  eoUeot^'d  in  the  tr.'ater  was  identical 
with  that  collected  in  the  plant.  Hence  it  appears,  as  was  expected, 
ti,at  tar  fo-  particles  will  n<.t  absorb  apprec-iable  .piantitie'^  of  lig-ht  oil 
Ml  cooling  from  Jvi°C.  to  30X\  Prc-sumably  this  statement  does  not 
apply  to  the  smaller  .luantities  of  benzol  prcs^-nt;  this,  however,  would 
1>,-  -saved  in  the  benzol  recovery  plant. 

The  ammonia  liquor  colleett«d  in  the  cooler  handling  the  trc-ater  gas 
was  very  much  lighter  than  that  produced  ordinarily  in  the  plant.  The 
latter  liquor  contained  an  appreciable  quantity  of  finely  divided  tar, 
that  would   settle  if  the  liquor  were   undisturbed  for  any  length  of 
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time,  but  wliidi  would  remflin  in  suspension  witli  the  slighost  nRitiiti<in. 
Tliin  sas|itn(l«(l  tar  becomes  a  serious  nuisance  in  the  operation  of  the 
aimnonia  stiilTi.  T/w  ammonia  liquor  roUi'cted  from  thf.  tr^nh'r  gnu 
was  entirely  free  from  parti' tes  of  ituspended  tar. 

No  condusiiiiis  won-  rr-n.-hec}  as  to  the  effeet  of  electrical  |>re.'ipitn- 
tion  witlK)\it  ooolinK.  on  the  problem  of  iiaphtliolone  doi»3ita.  In- 
teresting speculations  mi  this  (iiicstion  are  itiven  in  the  i>ai)er  by  I'ln- 
fessor  White.  Aecurate  data  can  be  obtained  only  by  a  eontiniMU- 
run  on  the  total  gas  priKlucred  in  tlie  i)lant. 

roN'CMisio.v. 

Successful  tests  of  the  process  of  eb\3trical  procipitiition  for  the 
de-tarrinff  of  gas  on  a  eonnnercial  s«'ale  have  thus  been  made  in  wood, 
coal,  and  petroleum  distillation  plants.  Various  advantagc-i  peculiar 
to  this  process  are  mentioned  in  tlie  course  of  this  ptti>?r.  The  out- 
standing fact  is  that  installation  and  renewal  c^osts  of  b.v-i)roduct 
collection  apparatus  may  be  much  rtHlw(»<l,  the  by-products  thenisclvcs 
can  Lti  colleett<d  in  much  more  desirable  condition  for  rutiiiinif.  and 
operatinp  oosts  not  affecte<l  by  tl«c  use  of  electrical  precipitation.  The 
results  of  the  tests  are  so  .satisfactory,  both  technically  and  tinancially, 
that  it  is  highly  desirable  that  installations  of  one  of  ea<'h  of  the 
various  typc«  of  distillation  plants  be  made  at  one*.  It  is  to  be  urged 
that  the  work  be  not  undertaken  dimply  to  provide  im  auxiliary  to 
present  systems;  hut  essentially  for  the  purpose  of  developing  a  more 
efficient  by-product  collection  process. 

Various  expressions  of  appreciation  for  assi3tanc^>  given  will  be 
found  in  the  course  of  the  paper.  In  addition,  aeknowlogement  is 
herewith  made  of  the  co-operation  of  the  Western  Procipitaticn  (^ni- 
pany  in  the  form  of  valua'ble  advice  and  occasional  finarcial  assistance. 
The  writer  also  wishes  to  acknowledge  his  indebtedness  to  Mr.  .1.  D. 
Chase,  who  has  given  him  invaluable  assistance  during  the  course  <>{ 
the  work  subsequent  to  that  done  in  the  Vancouver  gas  plant. 

University  of  Biutish  Columbi.\, 
June  22,  1918. 
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